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PREFACE 


Until a few years ago the cathode-ray tube was comparatively 
unknown. It was only through the efforts of Dufour, Rogowsld 
and his pupils, Gabor, Mathias, Knoll, and their colleagues, to 
make it suitable for the special demands of high-tension work, 
that it achieved due importance in this branch of electricity. 
The cathode-ray tube was sometimes used in low-tension work 
for research, though more often for teaching purposes, on 
account of the difficulty of handling, and the complication 
of accessories, the discharge chamber being generally used in 
conjunction with vacuum pump equipment. 

The adoption of evacuated tubes with hot cathodes for the 
production of slow electron rays by Wehnelt,Westphal, Zenneck, 
Johnson, and others, first gave rise to a considerable simplifica¬ 
tion of apparatus. Complete success did not, however, result 
from this alone because the spot was not bright enough for 
practical requirements on account of the low electron velocity 
and insufficient ray intensity. It was the perfection of 
evacuated eleotron-ray tubes with hot cathodes and gas-filling 
suitable for anode voltages of several thousands, as well as the 
production of complete main units, which resulted in the 
evolution of instruments suitable for general use and capable 
of meeting the strenuous demands of electrical technique. 

Simultaneously withy or perhaps even previous to, the 
development of the cathode-ray tube into a scientific measuring 
instrument, various important accessories and a large number 
of circuits and methods of use in measurement were brought 
out. As a result, the cathode-ray tube came to be used in all 
spheres which involved electrical measurement or the recording 
of oscillations. It will be readily appreciated that the methods 
ind accessories used in the solution of special problems vary 
considerably, according to the requirements of individual cases. 
In spite of these differences, the different arrangements have 
certain important components which are common to all of them. 
The cathode-ray tube is used in all the applications. Chapter I 
of this book is devoted to its theory and construction. 

Chapter II deals with those accessories of the cathode-ray 
tube which are most frequently used. These include, for 
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intance, the mains equipment, the pre-amplifier for increasing 
the sensitivity, the time deflection apparatus, and photographic 
recording equipment. 

In the remainder of the book are discussed the uses of the 
tube in specialized problems. 

The Author believes that this arrangement will result in 
an ordered presentation of the subject, which covers a wide 
field. 

The first two sections are suitable for those readers who 
are anxious to develop their own measuring circuits, to adapt 
circuits to current problems, or to build up ab initio new 
methods for their own particular requirements. For those who 
are perhaps less familiar with measuring technique, and who 
work oat problems which constantly recur, a third section is 
provided, and in it the author has included as far as possible 
all the applications known to him. In this section, therefore, 
principles are first discussed, and then particular attention 
is paid to practical applications, design, and characteristic 
results. 

An exhaustive consideration of the use of the cathode-ray 
tube in television is given in the last section. The develop¬ 
ment of the cathode-ray tube during the last decade has in 
a large measure established its importance in this field, which 
industrially has a promising future. 

I have to thank Dr. Knoblauch for his collaboration. 

MANFRED VON ARDENNE 

Lichterfeldk Ost, 

July, 1933. 



PREFACE TO ENGLISH EDITION 

Although only about three years have passed between the 
writing of the manuscript and the preparation of an English 
edition, it has been found necessary to re-write or alter con¬ 
siderably a large portion of the book, in order to bring the 
contents into line with the enormous progress which has been 
made in the technique in the meantime. It is unusual for 
progress to be made in fundamentals in such a short time in a 
sphere which had* its beginning about thirty years ago. The 
explanation of this fact is to be found at the end of the preface 
to the first edition. The intensive development work which 
has been carried out on the cathode-ray tube during the last 
few years in many laboratories, in view of its importance in 
television, has resulted in the high-vacuum tube constructed 
on electron-optical principles superseding the tube operating 
with gas focusing. 

The change-over to the vacuum tube has enabled the 
problem of life and stability of performance to be solved satis¬ 
factorily. The almost complete removal of anomalies in deflec¬ 
tion, the improvement made in the relation between the spot 
and the surface of the fluorescent screen with reference to 
television and the creation of systems v hich provide for almost 
perfect control of the ray, i.e. variation in brightness, may be 
described as important steps forward. The progress referred 
to is equally advantageous to television technique, sound 
recording, and measurement with the cathode-ray tube. 
In the realm of measurement, this progress has resulted in an 
enormous increase in precision. The measuring accuracy of 
a modern high-vacuum tube is very little less than that de¬ 
manded of a d.c. indicating instrument. The fact that the 
deflection sensitivity is almost completely independent of 
frequency and that it is possible to calibrate by means of d.c. 
voltages or currents may be regarded as an important advance. 
Considerable alterations of accessories in circuits for time 
deflection have become necessary. In part these alterations 
are due to simplification and improvement, although the 
remainder have been made necessary in order to make deflecting 
apparatus suitable for the special requirements of the high 



viu PREFACE 

vacuum tube. The re-writing of the section on the use of the 
electron-ray tube for television transmission has not been 
undertaken since the author has discussed this subject in 
considerable detail in the light of present-day experience in 
his book entitled Tdevision Reception, which was published 
in 1936. Nevertheless this section has been greatly extended 
and completely revised with the object of including older 
contrivances which are not employed in modem television but 
which include interesting solutions to subsidiary problems of 
general importance, such as velocity modulation, as well as 
the more recent devices. 

The completion of the volume has naturally been delayed 
by the translation until the end of 1937. The rate of develop¬ 
ment previously mentioned has not decreased since 1935. It 
would be necessary to carry out a complete revision of the 
book in order to bring it into line with present-day practice, 
especially in respect of tube construction and certain other 
apparatus. The author has refrained from doing this because 
he is of the opinion that the main sections, and particularly 
those portions of the book dealing in detail with the use of 
the cathode-ray tube, still hold good. 

MANFRED VON ARDENNE 

Lichtebfelde Ost. 
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CATHODE-RAY TUBES 

CHAPTER I 
THE CATHODE-RAY TUBE 

I. General Notes on Cathode-Ray Tubes 

The extraordinarily low inertia of cathode rays, which makes 
possible the recording of transient phenomena in research on 
electrical oscillations, has made the cathode-raj^ tube indis¬ 
pensable in the sphere of high-frequency technique. 

Its initial development was mainly concerned with increasing 
the speed of traverse of the electron beam. The tracing speed is 
that at which the spot formed by the electron beam moves across 
the screen or photographic plate. The maximum tracing speed 
attainable is that at which the spot is just perceptible, either 
directly or indirectly. Very successful research during the last 
few years has resulted in the production of the high-frequency 
high-tension oscillograph, which, operating at a traversing 
speed of over 50 000 km./sec. is capable of recording any 
transient phenomena in modem electrotechnics. Very high 
electron velocities were encoimtered during the period of 
development of a high-frequency recorder, and for cathode rays 
having an electron speed approaching the velocity of light it is 
possible to traverse the path in the deflecting field in a period 
which is short compared w ith the duration of the phenomenon 
under investigation. In this connexion the recording of 
transient phenomena in conductors presented the greatest 
difficulties. On the other hand, it was realized that this instru¬ 
ment provided the only means of investigating high-speed 
electrical phenomena, and consequently the erection of costly 
equipment for high-tension oscillographs was warranted. 

But during the last few years, a second form of cathode-ray 
tube has been developed simultaneously with, but indepen¬ 
dently of, the type with which success was obtained in research 
on short time phenomena. For low and medium frequencies, 
the older types of cathode-ray tubes which had badly-focused 
low intensity spots, and presented difficulties in photographic 

1 



2 


CATHODE-RAY TUBES 


recording, had little prospect of competing with mechanical 
oscillographs which already existed in a perfected state 
(Duddell oscillograph, string galvanometer, etc.). Conditions 
altered fundamentally, as soon as it became possible to obtain 
sharp and bright spots at low voltages with simple apparatus. 
The hot cathode and the discovery of gas-focusing and the 
development of electron-optical systems and their use in high- 
vacuum cathode-ray tubes showed that progress was being 
made towards producing the low current oscillograph. 

To-day, low voltage cathode-ray oscillographs in the form of 
easily handled glass discharge tubes are being manufactured, 
and they can be operated with the aid of the simplest acces¬ 
sories. Low anode voltages—^some few hundred up to 5 000— 
are easily produced with the aid of small rectifiers; the high 
sensitivity at low anode voltages makes possible the investiga¬ 
tion of voltages such as those which occur in I.t. work ; and the 
fact that pumps and vacuum controls can be dispensed with 
results in a great simplification of apparatus and facilitates the 
use of the tube. In consequence, the use of the cathode-ray 
tube for low voltage work has increased enormously during the 
last few years. 

1. Fundamental Principles Involved in the Use of Electron 
Streams for Recording Oscillations. The technique of oscillo- 
graphy with cathode rays is based on the following properties 
of the rays— 

Rectilinear propagation. 

Capability of defiection. 

Power of penetration. 

By the aid of Fig. 1 which is a schematic diagram of a cathode- 
ray tube, we will examine these properties. Fundamentally, 
there are three distinct parts of the tube— 

The discharge space. 

The deflection space. 

The recording space. 

The electrons which form the cathode rays are produced in 
the discharge space. In Fig. 1 this area is shown bounded by a 
disc A, the anode or gun. Details of the way in which the rays 
are produced will be given later but the general relation between 
accelerating voltage and electron velocity may be mentioned 
here. The electrons leave the cathode with a velocity which 



THE CATHODE-BAT TUBE 


3 


at first rises rapidly and then at a slower rate with the acceler¬ 
ating voltage. The relation between anode voltage V, electron 



velocity v, mass of an electron and electronic charge e, is 
given by the relation 

movy2 = eV.(1) 

The work done by the anode field is converted into the 
kinetic energy of the moving electrons. Taking into considera¬ 
tion the numerical values of the quantities involved the equation 
becomes 

i;(km./sec.) = 593\/F (volts) . . (2) 

In Fig. 2, showing the relation of electron velocity to anode 



Fig. 2 . Velocity and Anode Voltage 

voltage, the dotted line corresponds to equation (2). The 
velocity of the electrons for voltages up to 10 000 V. is less 
than one-fifth the velocity of light. These are the conditions 
under which low-tension oscillographs are operated. 

a—(T.36) 
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In the case of voltages up to 100 000, such as are used with 
high-tension oscillographs, the actual speed of the electrons 
does not increase according to the relation given—but at a 
Ipwer rate. As the speed of the electron approaches the velocity 
of light, its mass increases according to the Lorentz-Einstein 
relation 

At one-third the velocity of light, i.e. with an accelerating 
potential of about 50 000 V, 7ri is 5 per cent greater than Wq and 
increases further at higher voltages. This relation, wliicli is of 



Electron velocity, in cm./sec. 

Fio. 3. Variation in Flexibility of Cathode Kays with 
Increasinu Velocity 


interest in connexion with the deOectability of the rays, i.e. the 
sensitivity of high voltage tubes, is expressed even more clearly 
in Fig. 3—magnetic deflection. 

It is possible, by methods which will be discussed later, to 
control the electrons in tlie discliarge space so that their 
individual paths remain parallel with one another. In many 
forms of construction the discharge space can be sealed oiF 
from the adjoining deflection area by metal foil through which 
the high speed electrons penetrate. The power of penetration 
increases as the fourth power of the velocity, i.e. the square 
of the accelerating voltage. Fig. 4 shows the relation more 
clearly, and according to Lenard,^^^ tlie absorption depends 
entirely on the density of the medium to be penetrated. This 
explains why an aluminium or beryllium window is particularly 
suitable. 
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After passing through the discharge space, the cathode rays 
enter the deflection space, this being the region in which the 
electrons are under least restraint. The diameter of the electron 
stream in this space must be kept as small as possible. An 
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Fig. 4 . The Relation Between Absorption and Electron 
Velocity 

increase in diameter of the stream occurs through diffusion 
of the electrons in contact with the gas molecules, but this 
cannot happen if the vacuum is sufficiently high. 

A further cause of diffusion or de-focusing is the mutual 
repulsion of electrons in the stream. The external field, the 
time constant of which is to be recorded, influences the ray in 
the deflection space. This field can be established as an 
electrostatic one between two short condenser plates or as a 
magnetic field by means of deflecting coils. A change in 
direction occurs at the end of the path and the magnitude 
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of this deviation is directly proportional to the length of 
the path. 

At the end of the path, the registration of the tracing point 
takes place either visually or photographically. Only the high 
velocity electrons produced in high-tension oscillographs are, 
on account of their penetrating power, suitable for recording 
directly by photography. 

The photographic plate or film can be fitted in a special 
recording chamber inside the tube (internal photography) or 
can be affixed to a permeable seal or Lenard window (contact 
photography). Another method consists of fixing the photo¬ 
graphic plate direct to the reverse side of a thin transparent 
screen so that the whole acts as a seal to the oscillograph and 
keeps out air (screen contact photography). In the case of 
low-tension oscillographs in which low electron speeds are 
involved, the tracing of the curve is made visible on a 
screen and generally photographed with camera and lens 
(photography with camera and lens). 

2. Production of Cathode Bays, (a) Ion Tubes. Following 
upon the explanation of the deflection of rays given in the 



Fig. 5 . Discharge Tube with 
Cold Cathode 


previous section, we will now 
examine the possible ways in 
which such rays can be produced. 

Discharge tubes in which 
cathode rays are produced are 
divided into types having cold 
or hot cathodes. The cold cathode 


or ion tube was historically the 
first development. When conceived it represented a further 
development of the glow discharge tube, and its shape was 
as shown in Fig. 5, the result of the work of Lenard and 
Goldstein. An aluminium plate at C serves as the cathode. 
The anode can be placed where desired; in Fig. 5 it is shown 
as a tube at A behind the cathode. An aluminium window at 


F seals off the tube from the atmosphere and enables measure¬ 
ment of the rays to be made outside as well as inside the 
discharge space. 

At a pressure of about 10“^ mm. mercury in the discharge 
tube, a d.c. voltage between 20 and 100 kV. is applied between 
the electrodes. A spontaneous glow discharge takes place, 
electrons are ejected from the cathode by the impact of positive 
ions and these again produce further positive ions by disruptive 
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collision. The electrons move in a straight line inside a narrowly 
circumscribed blue illuminated beam which becomes more 
divergent as the distance from the cathode increases. They 
attain their maximum velocity at a distance of a few millimetres 
from the cathode, i.e. almost the whole drop of potential takes 
place over this short distance. A decrease in pressure practically 
extinguishes the discharge. Of course, a glow discharge can be 
produced with lower anode voltages in cold cathode tubes 
having pressures higher than 10~^ mm. mercury, but cathode 
rays of lower velocity produced in this way are not confined 
to narrow beams—they spread out in all directions from the 
whole surface of the cathode. Such a tube would, therefore, 
be unsuitable as a cathode-ray oscillograph. These facts show 
clearly the necessity of using the highest anode voltages with 



Fig. 6, Simple Hot Cathode Ti be with Gas-filled Discharge 
Space (Wehnelt) 

ion tubes. The cold cathode tube is essentially a high voltage 
instrument. 

(b) Hot Cathode Tubes. The introduction of a hot cathode 
(Wehnelt)alters materially both the physical construction, 
and also the conditions under which the tube must be operated. 
Since an incandescent metal provides a source of electrons, it 
would seem possible, at first sight, to dispense with the gas¬ 
filling of the cold cathode tube entirely. Actually this was done 
during the development of hot cathode technique, but the 
inclusion of the hot cathode in gas-filled tubes has advantages. 

The emission of thermions from the neighbourhood of the 
cathode considerably reduces the cathode potential drop. It 
is possible, therefore, to reduce the anode voltage considerably 
—to a few hundred volts. Fig. 6 shows the Wehnelt tube as 
an example. 

II. Production of Narrow Beams of Cathode Rays 

1. General Considerations. So far we have discussed only 
the physical processes in the production of cathode rays. 
Nothing has been said about the formation, configuration and 
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structure of the discharge path. The control of these factors 
forms one of the most important tasks in the construction of 
scientific oscillograph tubes. The solution of these individual 
problems will be shown later by examples of practical cathode- 
ray tubes. For the moment, we will discuss the physical basis 
of the methods used to obtain definite beams. 

A sharply focused stream of electrons is required in the 
deflection space and on the screen of the tube. 

When it enters the deflecting space, the stream comes under 
the influence of the transverse deflecting field, which must 
produce an equal effect on all current paths in the stream and 
must therefore be larger than the dimensions of the ray and 
uniform in all positions ()(‘C‘ui)ied by it. 

2. Ray Concentration, (a) Methods. An uninfluenced 
cathode ray does not retain its initial cross-section owing to 
diffusion and internal mutual repulsion of the electrons. Diffu¬ 
sion occurs in the presen(‘e of gas, becoming greater with 
increasing gas pressure and decreasing election velocity. 
Ignoring for the moment the special laws of the formation of 
rays—these will be considered in detail later—the ray becomes 
completely diffused at a pressure of just over mm. mercury. 
Even rays })roduced at JO ()()() volts become diffused in air 
after travelling only 1-2 mm. But internal fields also exist in 
a high vacuum, and these cause a gradual increase in the 
cross-section of the stream. 

Obviously the effect of mutual repulsion of the cliarged 
electrons is greatest on the outer ones and can be ignored for 
those at the centre of the jet. 

(i) Focusing by Means of Electron-optical Systems formed by 
Electrodes. Concentration of tlie ray can be ac^hieved by the 
use of electrostatic or magnetic fields. One of the chief 
conditions for the attainment of high accuracy of measure¬ 
ment with the cathode-ray tube is to have as small a 
fluorescent spot as possible. Apart from this a spot of a 
certain constant size is needed for television reception. 
The size of the fluorescent spot depends on the electron- 
optical properties of the tube. Although a point source is 
possible with gas-filled tubes, an approximate point source, 
real or virtual, can be formed in a high vacuum tube by the 
use of suitable methods of focusing. 

A metal disc with a hole in the centre represents the simplest 
method of producing parallel rays from a diverging cone of 
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rays. The rays leave the disc at a divergent angle which, 
in the case of a point cathode, depends on the relative size of 
the aperture in the disc and its distance from the cathode 
and can therefore be made small. This simple method was, in 
the early days, one of the first employed for the production of 
closely confined beams. For instance, F. Braun^^^ incorporated 
it in his first cathode-ray tube, and it was also used in the 
same year by Thomson. 

The great disadvantage of this method lies in its low efficiency. 
Most of the cathode radiation is absorbed by the disc before 
it can enter the deflecting space and the tracing ray does not 
receive sufficient electrons. Simply increasing the cathode 
temperature does not counteract the losses in the disc and 



Fig. 7. Refraction of Rays in a Narrow Condenser Field 

overcome the difficulty, since the specific emission of the cathode 
cannot be increased indefinitely. Furthermore, increasing the 
cathode emission is perforce associated Avith a corresponding 
and undesirable increase in anode loading. Fundamentally, 
therefore, the use of a disc alone is not an efficient arrangement. 
The object should be to concentrate without loss all the 
rays emitted from the cathode, even if they diverge, into a 
spot of well-defined magnitude; in other words, to exploit 
the whole of the cathode emission. This result can only be 
obtained by employing auxiliary focusing devices. The form¬ 
ation of images by electron-optical means is one way of 
doing it. Simple electrostatic methods may be used in forming 
such images. 

A most interesting process has been shown by M. Knoll 
and E. Ruska^®^ and by von Bruche^®^ and has been used 
very successfully in the further development of electron ray 
optics (Fig. 7). If two parallel metal grids between which 
there is a difference of potential are interposed in the path of 
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the ray, the stream will undergo a change in direction unless 
it is normally incident to the surface of the plates. The refractive 
index of this arrangement can be varied by altering the voltage 
between the plates. Following this principle, all the corre¬ 
sponding analogous surface effects which occur in optics can be 
reproduced. For instance, prismatic dispersion is practicable, 
and is the means by which satisfactory analysis of non-uniform 
velocities can be made. Fig. 8 shows an interesting convex 
lens for cathode rays. The lens, which can be used as an anode, 
consists of two wire grids, one inside the other, and insulated 
from one another. The potential on the outer grid is less 
positive than that on the inner one. The electron stream, 



Fio. 8. Electiiostatic “Converging” Lens for 
Cathode Rays 


therefore, on entering the space between the grids, is refracted 
towards the axis. Inside both grids the field is uniform and 
the electron stream is not affected. On leaving the condenser 
it is again refracted, this time away from the normal. The focal 
length of this arrangement can be altered at will by varying 
the voltage, so that an image of the cathode can be formed at 
any desired distance magnified or diminished as the case may be. 

Such electrical lenses represent mechanically and geometri¬ 
cally the exact analogy of optical lenses. Their practical 
application in the cathode-ray tube, however, involves several 
serious disadvantages. For one thing, exaet adjustment and 
centring of the parts of the lens, especially when the distance 
separating them is small, are very difficult to carry out. Further¬ 
more, absorption losses, secondary emission and heating 
effects appear, and exert a very detrimental influence on the 
image formed by the electron lens. For this reason, tubular 
lenses have been adopted for the cathode-ray tube and these 
have fields, the potential surfaces of which correspond to the 
refracting surfaces of the optical lens. Even here, the most 
varied optical systems can be imitated by variation of the 
tube diameter and potential. Among the various forms of 
electrostatic-optical arrangements, those known as accelerating 
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lenses are of considerable practical use. In forming images by 
accelerating lenses, the law* 

Magnification = {b|(l)^y{VJVa) applies . (4) 

where b = distance of image, a = distance of the object, 
the electron velocity in front of the lensf called hereafter for 
short the voltage of the lens electrode, and the velocity 
behind the lens {anode voltage). 

This law shows that only relatively low magnifications can 
be obtained with accelerating lenses even when the distance of 
the object is small compared with that of the image. Accord¬ 
ingly the length of the tube can be relatively short when an 



Fig. 9. The Effect of a Focusing Coil 

accelerating lens is used, and this is of considerable importance 
when fitting cathode-ray tubes to receivers or equipment. 

Another method of focusing is by the use of longitudinal 
magnetic fields. A focusing coil, short in comparison with 
the path of the ray, is wound on a cylinder, the axis of which 
coincides with the axis of the ray (Fig. 9). The magnetic field 
of the coil acts on all those electron streams which do not 
follow the required direction, i.e. the diverging rays, and com¬ 
pels them to follow a deflected path. As Busch has shown, the 
additional deviation which the electrons undergo, depends on 
the angle of incidence of the electron streams to the field when 
they enter the coil. The effect of the focusing coil is, in this 
ease, exactly analogous to that of an optical lens. 

At B, the focus of the rays emitted from (7, an image of C 
is formed. This analogy also holds, quantitatively. Busch^*^^ 
provided the mathematical proof of the analogy between the 
focusing coil and the lens, and showed that the optical law 

l/a+1/6=1//. . . . (6) 

♦ See A. L. Hughes, and J. H. McMillon, Phy, Rev. 39 (1932), 685; and 
V. Ardenne, M. Beitrdge zur Elektronenoptik . . . and Zeits.f. Phys., Vol. 88, 
p. 264. 

t For simplicity, only one lens is always mentioned here, whereas actually 
accelerating lenses are well known to be composed of two separate lenses of 
different signs, though separated only a short distance from each other. 
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is applicable where the focal length of the focusing coil is given 
by the relation 



h%z)dz is the integral of the square of the strength of the 

I 

magnetic field taken over the whole symmetrical axis. / is 
therefore dependent on the current in the coil i. A magnified 
or diminished image of the cathode can be produced in this 
way at the point B. 

Cathodes having large surface areas are essential if low 
specific emission is desired and large current streams are to be 
obtained. Sharp spots can be attained 
witli sucli cathodes only when the image 
of the cathode is greatly reduced. This 
reduction can be accomplished with 
the arrangement just discussed only 
when the distance between the cathode 
and the lens is greater than that 
betw^een the lens and screen. As the 
distance between the lens and screen 
should be as great as possible, to 
secure adequate deflection it is advan¬ 
tageous to reduce the length only when 
a tube of several metres in length is 
considered practicable. 

(ii) Gas-focusing. In addition to the methods for focusing 
given above, there is another phenomenon which has achieved 
importance in practice, as a means of securing the same result. 

This phenomenon occurs in gas-filled tubes. It is the so-called 
self-concentration or gas-focusing. Its advantage lies in the fact 
that its operation can be made entirely independent of the 
position of the ray. Westphal,^*^ van dcr Bijl,^^^ Johnson, 
Buchta,^^^^ Wood,<^2) y^n Itterbeck,^^^^ Ranzi,^^^^ Bruche,^^®^ 
and the author, have found that an additional focusing of 
divergent rays occurs under certain conditions in hot cathode 
gas-filled tubes in w^hich the pressure is about 10-“^ to 10“^ mm. 
and the anode voltage 20 to 2 000. It is considered to be due to 
the ions formed in the cathode stream by collision of the elec¬ 
trons with the gas particles. These ions, by reason of their 



Fig. 10. Pbojjsction of 
THE Ray Paths on a 
Section Plane 
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greater mass and therefore lower velocity, move more slowly 
from the centre of the rays than the secondary electrons which 
are produced simultaneously with them. A positive charge is 
therefore formed in the path of the ray, and the resultant field 
restrains the electrons of the cathode stream from tending to 
deviate from the axis of the beam. 

This positive charge is dependent on— 

(a) The number of ions formed in the ray per second, i.e.— 

(i) On the electron stream which in the hot cathode tube 
is controlled by the cathode temperature. 

(ii) On the pressure of the gas and the temperature. 

(iii) On the ionizing power of the electrons at their velocity 
corresponding to the applied anode voltage. 

(b) On the ion losses per second in the ray. These are 
estimated from the number withdrawn from the ray owing to 
recombination of positive ions and electrons. 

A very good experiment which confirms the above explana¬ 
tion of gas-focusing was originally carried out by Ende and is 
illustrated in Fig. 11. The electron beam passes through a 







Fio. 11. Experiment for Confirming the Existence of Positive 
Ions in the Path of the Rays 
(Photo b\f Ende) 


number of transverse electrostatic fields. These are formed 
between short condenser plates and alternate ones are of the 
same polarity. A strongly luminous glow is carried over to the 
negative plates, while the positive plates remain dark. Obvi¬ 
ously the positive ions are being drawn from the interior of 
the beam in considerable numbers and combine with electrons 
in the vicinity of the negative plates, at the same time becoming 
luminous from the energy set free in recombination. Measure¬ 
ment of intercepted streams of these positive and negative 
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ions show that in magnitude they are of the order of 1 per cent 
of the main cathode stream. Further proof can be obtained 
from experiments in which the ray behaves differently from 
what would be expected of a stream of purely negatively 
electrified particles. Further reference will be made to this 
when discussing the anomalies of electrostatic deviation and 
investigating the tracing of high-frequency phenomena with 
the electron beam. 

Another possibility for forming a small fluorescent spot in the 
cathode-ray tube is provided by the combination of the focusing 
methods described in the previous sections.* Whereas the 
combination of magnetic lenses and gas filling does not produce 
any particular advantages, the introduction of an electrostatic 
focusing system has a certain signficance, since here a part of 
the focusing is taken over by static fields and the gas lens effect 
can be reduced. In effect this means a considerable reduction 
in gas pressure (to the order of one-tenth) needed for focusing, 
and greatly reduces the disadvantages which accrue from 
gas-filling. 

(b) Practical Focusing Arrangements. In dealing with 
focusing arrangements it is essential to decide whether 
magnetic or electrostatic methods should be used. Magnetic 
methods have the disadvantage of considerable current con¬ 
sumption if permanent magnets are excluded. Furthermore, 
they are expensive to produce. If for considerations of vacuum 
technique they are fitted outside the neck of the tube, an 
extended field, i.e. a thick lens, is unavoidable. Electrostatic 
optical systems are much better. Here only a potential, instead 
of a current, is required, and is easily supplied by connexion 
to the usual supply apparatus. Also the attachment is simple 
and easily fitted inside the tube. In some forms of construction, 
particularly those electrode systems developed from cylinders, 
they are very little affected by stray external fields. The walls 
of the cylinder at the same time act as screens. This is very 
important since very compact assemblies supported on a single 
glass pinch become possible. The facts mentioned may suffice 
to show that in the modern high vacuum sealed-off* tube 
electrostatic electron-optical systems are almost exclusively 
used. The process for improving the efficiency of the tube, 
i.e. preliminary focusing for high vacuum and gas-filled tubes, 

* M. von Ardenne, BeHrdge zur Elektronenoptik Braunacher Bohren^ l.c. 
page 251. 
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shows certain similarities, as even in the first years of develop¬ 
ment of the gas-filled tube an electrostatic optical system, 
though only a simple one, was used for pre-focusing. 

(i) Preliminary Focusing, (a) Focusing by Electron Op¬ 
tical Electrode Systems. The preliminary focusing arrangements 
may first of all be applied to the cathode itself. Forming a 
beam by shaping the cathode surface has been shown to be 
unsuccessful. In ion tubes, the cross-section of the cathode 
drop area, in front of the cathode surface, is small compared 



Fig. 12. Point Source: of Emission and Anode Aperture 


with the dimensions of the cathode and not affected therefore by 
its shape. In hot cathode tubes the space charge cloud developed 
in front of the cathode determines the field structure in the 
cathode drop area, and can only be influenced in a very small 
way by the shape of the cathode. 

Fig. 12 is a photograph of a point source cathode and an 
anode gun during operation. The hot cathode, as can be seen, 
emits practically as a point-source. Under the influence of the 
space charge, a broad cone of rays has been produced, and 
from this a narrow central stream has been formed by the 
anode. The efficiency is barely 10 per cent. 

Fig. 13 explains diagrammatically an important electrostatic 
method for preventing the divergence of the rays shown in 
Pig. 12, and this is especially suitable for hot cathodes. A 
negatively charged Wehnelt^^’^^ cylinder surrounds the emitting 



16 


CATHODE-RAY TUBES 


point-source cathode concentrically. The anode is mounted 
concentrically in front of the cathode assembly, and can take 

the form of a perforated screen, 
wire ring, grid, or an arrangement 
of similar construction. 

When placed in a suitable posi¬ 
tion and biased to the requisite 
voJtage, the cylinder modifies the 
field between the anode and cathode 
in such a way that the divergent 
lines are compressed. The cathode 
rays can no longer reach the walls 
of the cylinder, and must leave tlie 
interior of the cylinder at a diverging angle, which decreases in 
magnitude as the value of the negative voltage is increased. 

Fig. 14 was taken in the same way as Fig. 12, with a gas-filled 
hot-cathode tube and a Wehnelt cylinder. To simplify observa¬ 
tion the cylinder was cut open as shown. The bias voltage is 


C 


Fig. 13. Action of thji: 
Wehnelt Cylinder 


/ 



Fig. 14. Electrostatic Focusing with Low Bias Voltage 

still comparatively low and the stream of rays is so compressed 
that the total beam can just pass through the small opening 
to the anode gun. In the sketch, the cathode dark space 
which is about 1 to 1*5 mm. long, is clearly visible, and shows 
up the path in which the electrons have not yet reached their 
ionizing velocity. 

In view of the use of such tubes for television it does not 
appear expedient in the case of high-vacuum tubes to reproduce 
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an image of the cathode surface directly on the fluorescent 
screen, which was almost the general practice with the old type 
of tube. Pre-focusing or brightness control can be carried 
out successfully in a particularly simple 
and accurate manner with such arrange¬ 
ments, where an intermediate image 
or a surface of small area and high 
electron density is reproduced, similarly 
to the high voltage oscillographs by 
Rogowski and Flegler.* Such an 
arrangement has been published by 
George, H.,t and is reproduced here in 
Fig. 15. An electrostatic accelerating 
lens with cylindrical electrodes (4) and 
(5) serves as the main portion of the 
optical system. A very small cross- 
section of the ray which is projected 
through the fine hole in the disc is 
used for forming the image. Prelim¬ 
inary focusing is effected by a system 
of short focal length, opposite the 
main system, the electrode (2), which 
has a small negative bias, acting as a 
Wehnelt cylinder. The cathode (1) is of 
the plane type. Various possibilities 
accrue from Figs. 16 and 17, where 
small diverging angles can be secured 
with the greatest possible area of 
cathode emission surface. These, how¬ 
ever, result in greater cross-sections 
of the ray at the point where the 
image is formed. Simple experimental 
trials with systems similar to that of Pig. 19 confirm this. 

It is possible to estimate directly the cross-section of the 
ray by side observation at the disc which is covered with 
calcium tungstate, if the ray is deflected slightly from the 
centre by a magnet. In general, separate investigation and 
co-ordination of the various parts of the system has proved 
very successful during the course of development. 



Fia. 15. Arrangement 
WITH Dual Electro¬ 
static Focusing {George) 


* W. Kogowski, and E. Flegler, British Pat. No. 295, 710. 
t II* H. George: “A new type of hot cathode oscillograph and its applica¬ 
tion to the automatic recording of lighting and switching surges.^' J.AJ.E,E. 
48 (1929), 534. 
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Fig. 16. Reduction of the Angle of Divergence by Extra 
Acceleration 
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Figs. 17 and IS Comparison or Differlnt Systems of Pre-focusing 
FOR Equal Divergence of the Current Beam 


»Wire gauze } 



* Lager of calcium tungstate 


Fig. 19. Spatial Divergence of the Primary Emission Beam 
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Important facts about the design of a complete system can 
be deduced if we consider at first the case where only one 
point of the cathode is assumed to be emitting, and look at the 
smallest section of which the main optical system forms an 
image under such conditions (the case when high negative bias 
exists). The diameter of the image is then 

d— V maxw! Y . . . (7) 

wliere m the distance between the intermediate image and 
the cathode, V^naxw is the mean emission velocity of the 
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electrons in volts at the existing cathode temperature, and V, 
the voltage of the accelerating electrode. 

In deducing this formula, the field between the cathode and 
the accelerating electrode is regarded as uniform, which 
assumption is justifiable as long as the aperture of the disc is 
small compared with the distance % in Fig. 20. Furthermore, 
the equation of motion was selected for the most unfavourable 
case of the direction of the initial velocity at the plane of the 
cathode. By combining this formula with equation (4) given 
above for the magnification of a system with an accelerating 
lens, the smallest diameter dg of the fluorescent spot follows 
from the relation 

^8 mtn ~ ^(b/aW(V^a.JV,) . • ( 8 ) 


3-(T 36) 
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The equation proves that in the system investigated and 
under conditions where the intensity control is at “dark,” the 
sharpness of the fluorescent spot only depends on a few factors. 
A small value of a^, of image distance, large distance of object, 
low emission temperatures, and high anode voltages are favour¬ 
able to sharpness of the spot. According to experimental 
evidence, the equation seems to be applicable to emissive 
surfaces, the diameters of which are small compared with a^. 
The diameter ds always increases by a certain factor corre¬ 
sponding to the diameter of greater emission. Having con¬ 
sidered the factors which determine the diameter of the spot, 
we will now consider the ray current. 

The angle of divergence which is formed by the beam when 
considering the intermediate image as a source of electrons, 
plays an important role here. The greater tliis angle, the 
greater may be the portion of the cathode surface contributing 
to the ray current at a constant value of !",/«!. For ray current 
la at not too great emissive sections is given by 

Ia = K . tan^/i .... (9) 

approximately, wliere K represents the effect of the remaining 
factors. With constant magnification of the main system tan /? 
is proportional to tan y. 

The converging angle 2y determines the cross-section of 
the electron beam at the point where deflection takes place 
as well as the effective cross-section of the electron-optical 
system which is not generally materially different. This shows 
that the control of large convergent angles 7 in the deflection 
space is of considerable importance in the design of a system 
producing cathode rays. For a given angle of convergence, p 
can only be increased by decreasing the distance of the object, 
i.e. increasing the magnification. A (compromise between the 
sharpness and the brightness of the spot must tlierefore be 
made during construction. 

In the system described above, the area of the emitting 
cathode depends on the bias of the brightness control grid 
or pre-focusing electrode chosen. If the diameter of the heated 
oxide surface becomes larger than the diameter of the aperture 
in the control electrode, the small negative bias at which the 
angle of divergence discussed can just be filled, can in practice 
be found easily. Now how is it possible to ensure that while 
this angle is filled, the anode current is as high as possible? 
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In view of the extremely low penetrance*^^®^ of the main anode 
(low value of D) the known equation 

4 = ir(F, + i). F,r . . (10) 

applies for the anode current. The emission constants, the 
effective mean distance between the control electrode (grid) 
and the emissive surface and the size of the effective emissive 
surface are included in the magnitude K. The penetrance 
(1/amplification factor) depends on the aperture in the control 
electrode, its distance from the cathode and the distance a^. 
A complete answer to this question seems very difficult on 
account of the many and mathematically obscure relations 
between the various components of the preliminary focusing 
system. According to the collected experimental evidence, 
small values of the distance appear to be favourable to the 
production of high anode currents, but a limit is set by the 
increase of the specific emission of the cathode (Knoll) 
surface which becomes smaller as decreases and which in 
view of its life must not exceed 0*1 niA./mm.^ An improvement 
can be made her^ by using a cathode of higher oxide content. 

Preliminary focusing by magnetic fields is a method fre¬ 
quently used with high voltage oscillographs (Rogowski).t It 
is particularly useful for tubes of this type since it permits of 
external mounting which avoids the structural difficulties and 
insulation troubles associated with electrostatic control. 

The disadvantage of the extra load is not of much importance 
in such large equipment. On the other hand, electrostatic 
control is much to be preferred for low voltage oscillographs, 
as its excitation imposes no load on the circuit. 

(6) Gas-focusing. The concentration of the rays due to the 
presence of gas already mentioned is the simplest in arrange¬ 
ment and operation. The inclusion of slight traces of gas at 
pressures of 10~® to lO'^rnm. into the tube results in the 
formation of an electron jet when a certain current density 
has been reached and the whole of this passes through the 
anode gun. 

(c) Composite Focusing Arrangements. Composite focusing 

* Tho term “Durchgriff,” is rendered by the English word penetrance^ 
which appears to be the nearest if an inadequate equivalent. It is the reci¬ 
procal of tho amplification factor expressed as a percentage, and is denoted 
hereafter in symbolic notation by the letter D. 

t W. Rogowski. But Pat. 295,710. 
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devices consisting of electrostatic or magnetic and gas lenses 
as distinct from the arrangements discussed in the two pre¬ 
vious sections, only differ quantitatively and not in principle 
from them. 

(ii) Main Focusing in Deflection Space, (a) Focusing by 
an Electron Optical System. If a good preliminary concentration 
of rays has been secured, there will be an intense homogeneous 
beam of rays, uniform in direction and having relatively low 
diffusion, at the entrance to the deflection chamber. Little 
difficulty is experienced in high voltage tubes in keeping the 
beam of rays in its path right up to the screen, for the following 
reasons. First, very little diffusion can take place since at the 
high electron velocities in question, the effective disturbance due 



Fig. 21. System of a High-vacuum Television Tube by the Author 
{LeijhoUl - i Anlemie) 


to the remaining gas molecules is small and most of them are 
passed by without ionization. Furthermore, the internal field 
of the beam itself (internal space charge in the ray) becomes 
less effective owing to the high electron velocity. The relatively 
small divergence of the rays which remains can be compensated 
by focusing coils. 

With lower anode voltages, particularly with low voltage 
oscillographs which operate at less than 10 kV., a sharp pencil 
of rays cannot be maintained over the whole length of the 
discharge space, in which there is no field, without special 
measures. Apart from the magnetic focusing coil, a special 
electron-optical system must be introduced in the high vacuum 
in order that an image of the cathode may be formed as a sharp 
fluorescent spot on the screen. 

Fig. 21 gives a fair idea of the system developed by the 
author for producing rays in a high vacuum tube. The main 
difference as compared with the arrangement of Fig. 15 is the 
greater distance of the object resulting from choice of other 
electrode dimensions. For clearer understanding, the various 
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dimensions of importance of the system in question are given 
in Fig. 22. 

Pigs. 23 and 24 illustrate two systems of cathode-ray tubes 



Fio. 22. Dimensions of the Ray-producing System 



Fig. 24. Television Tube with Simple Accelerating Lens 
(Knoll, KmUauch, and Diels) 
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developed at the Telefunken works by Knoll,* Knoblauch, and 
Diels.The principal electrical converging lens of the first 
system mentioned (Knoll) is a so-called reversing lens^ the 
centre portion of which is at a negative potential with respect 
to the electrode on the cathode side. This lens, therefore, 
represents a combination of accelerating and retarding lenses. 
The simplicity of construction of the lens is noteworthy. The 
single lens is indicated in the internal metallizing, as the space 
between two rings. 

The system in Fig. 24, developed by Knoll, Knoblauch, and 
Diels, has an accelerating lens as the main focusing unit. 

The large aperture of tlie lens systems in both arrangements 
goes a long way to avoiding aperture erroi*s. The })atli of the 
ray in the tube shown in Fig. 24 is 2 )ractic*ally identical with 
that in the high-vacuum tube of Zworykin,and the tubes 
shown in Figs. 15 and 21. It can be seen that development 
has already resulted in a compact construction for the 
ray-producing system in high vacuum tubes. 

(6) Gas-focusing. Here, again, a simple and relatively cheap 
method is to dispense with a high vacuum in the detie(;tion 
space and fill it with an inert gas to a pressure of about 1mm. 
mercury. In view of the im^jortance which gas-focusing still 
possesses in the technique of cathode rays, especially for low 
voltage oscillographs, it seems appropriate to consider this 
phenomenon here in greater detail. The use of gas-focusing 
in the deflection space differs only from the same method of 
preliminary concentration in the greater length of ray path 
to be restricted. 

A few phenomena which will helj) to explain the basic 
principles of gas-focusing, already cliscuissed, are described 
below. What takes place here cannot l)e presumed from what 
has happened in the discharge space. The fact that the two 
are quite distinct can be shown by separating these spaces by 
a Lenard window. 

At the entrance to the deflection chamber, suppose there is 
a beam of rays of high intensity and uniform in direction 
attained by some kind of preliminary focusing in the discharge 
space. The electron velocities are between 100-1 000 v. As 
the gas 2 )ressure is iiuTeased the plienomena illustrated in 
Fig. 25 are observed. In a high vacuum, such a slow cathode 


* Arch. /. Elektrotechy 28.1.1934, 
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ray without electron-optical focusing would soon become 
diffused, so that no fluorescent spot would appear on the screen 
at aU. But if the pressure is increased, the focusing effect of 
the positive charge begins to be apparent. The first phase of 
this effect of gas-focusing in Fig. 25 is to be seen at mm. 
pressure. The ray is surrounded almost up to the screen by a 



0,S 1 S 10 so 

* 10^^mm Hg Dnuck (IVossersioff) 


Fig. 25. Filamemt-like Rays pboduced by the Admission of Gas 
INTO THE Deflection Space (Jf. Endc) 

misty luminous glow, and only at a pressure of about 5 x 
mm. does a sharply defined stream of rays become visible. At 
the screen end a very small section of rays like a node has 
formed. By increasing the pressure still further, this node 
can be moved along the axis of the tube ; as it approaches the 
narrow end of tlie tube a blur is again noti(*eable behind it, 
i.e. nearer the screen end of the tube. Obviously, the focusing 
effect of the gas is now so great that not only are the electron 
paths parallel through the focusing field but tliey are also 
converged to a spot. 

This convergence becomes greater with increased pressure, 
i.e. with more intense ionization and therefore stronger focusing 
space charge, so that the node continually approaches the 
narrower end of the tube. With suitable geometrical arrange¬ 
ment of the tube, the electrons, after traversing the first node, 
become united in a further node or nodes. If the pressure 
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is too high, the ray is completely diffused and even at low 
voltages does not reach the screen (at 50 X 10“^ mm. Hg. in 
Fig. 25), 

In Fig. 25 hydrogen filling was used, but the phenomenon 
described occurs in general with other gases. In Fig. 26, for 
instance, argon gas was used. 

It is interesting to find out to what length an electron beam 
can be maintained with uniform cross-section and the magni¬ 
tude of the section. As long as the accelerating voltages are 
not too low, e.g. not less than 300 volts, there is no difficulty 
in producing jets up to 1 metre in length. Briiche^'^^^ and Ende 


Fig. 26. Filament-like Rays in a Rare Gas 

The node has been displaced to the centre of the path by too high a pressure 
(Photo bv W. EmJe) 


have produced such rays with a few hundred volts in their 
apparatus for measuring magnetic fields (electron ray compass). 
The gas does not appear to liave much effect in retarding the 
ray along its path. It is not possible to end the jet in the 
middle of the gas space of sliort discharge tubes, except by 
using very low anode voltages—below 200 volts. 

Spreading out in straight lines occurs in the space uninflu¬ 
enced by any field, even in the case of the longest electron 
beams. As, however, the slow rays are very sensitive to the 
disturbing effect of stray fields, i.e. the earth’s field, it is not 
very easy to employ them usefully for oscillograph streams of 
high sensitivity when more than 50 cm. in length. 

As the cross-section of the jet is not constant over its whole 
length, adjustments must be made to bring the node to rest 
at the level of the screen. Many observations have proved that 
the jet does not consist only of a main stream of rays. A fairly 
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strong halo surrounds the spot in Fig. 27. Obviously, the screen, 
even at the greatest radial distance from the spot, is receiving 


Fi(3. 27. Diffused Light Round the Focused Spot 

impacts and is being excited, although much less intensely, 
by diffusing electrons. 

When gas-focusing is used, a feeble secondary illumination 
of the screen takes place. The arrangement of the gim aperture 
has a limited influence on the intensity of this secondary 

c :1 _. \ 
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Fig. 28. Kesthk^tino the Rays by Diaphuagms 


illumination. It is rather less pronounced with very small 
apertures. The same effect can be produced when two discs 
with slightly larger apertures, instead of a single small aperture, 
are placed behind one another as shown in Fig. 28. 

The halo is intensifled by reason of an optical effect discussed 
below (see page 141, para (v)). That this is not the only 
cause, however, is shown by Fig. 29 illustrating an experi¬ 
menters) which explains the cause of the secondary illumination 
(due to diffuse radiation). By holding a magnet in front of the 
screen, the ray was induced to return to the interior of the tube 
by a path forming a loop. Not only the spot, but also the 
secondary illumination, disappeared and the diffused light was 
diverted at the point at which the field influenced the main 
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ray. It can be assumed, therefore, that the ray carries with 
it the diffusing electrons, that their paths do not differ greatly 
in direction from the main ray, and that their velocities are 
slightly less than the main stream. 

Fig. 30 (Ende)^^®^ shows the influence of gas pressure on ioniza¬ 
tion. The effectiveness of gas-focusing is here shown not only 
by the magnitude of the mean cross-section of the rays, but in 
terms of the distance of the first node which is easily measured 



Kio. 29. Simultaneous Deflection oi the Diffusincj Electrons 
AND THE Cathode Ray by a Macnetic Field 

and which becomes smaller tlie more the mutual repulsion 
has been compensated by the focusing effect. The measure¬ 
ments given clearly show a well-defined minimum gas pressure 
at about 3x10“^ mm. below which concentration of the ray 
paths is no longer possible. With gases other than hydrogen 
—the rarer gases whose effective section is less—these minimum 
values are smaller. The optimum point is not well defined and 
the pressure with hydrogen can be increased to about IQ-^ mm. 
before a blur appears. 

At low voltages the pressure limits are approximately 
inversely proportional to the voltage. 

When the gas pressure is too low, in which case few ions 
are formed, improved focusing occurs when the ray current is 
increased, other electron optical conditions being the same. 
The curves of Fig. 31 confirm this relation; they show that 
above a certain current of about 1 mA.—which incidentally 
depends greatly on initial conditions (i.e. current density and 
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cross-section of the beam)—^there is a gradual increase in 
focusing due to the increasing current. 

The way in which the ionizing power of the electrons depends 
on the voltage was demonstrated experimentally by Kossel,'®*' 



Fio. 30. Relation between Fig. 31. Gas-focusing and 

Gas-focusing and Pressure {E7uU) Current {Ende) 


Compton,and Wilson^^e) voltages of 1 000; and 

for higher voltages in air, hydrogen, argon, and COg by 
Buehmann.^ 27 ) 32 shows that at about 350 electron volts 



Fig. 32. Relation between Electron Velocities and their 
Ability to Produce Ionization {Buchmann) 


the optimum condition is obtained for air. At very high 
primary velocities, the ionizing power is reduced since the 
atomic structure is then traversed without disturbance. 

Curves showing the effective cross-sections of the atomic 
structures of various gases and the way in which they depend 
on the primary velocity in the low voltage range, are shown 
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in Fig. 33. These curves also show that there are points at 
which ability to produce ions by collision when the rays pass 
through the gases is a maximum. 

Experimental investigations by tlie author have proved that 
gas-focusing, up to electron velocities of 7 000 volts, at increased 
gas pressures can be maintained, and that with hydrogen the 
highest ray velocities can be employed. Suitable pressures 



Eleciron velocity (Vim) 

Fio. 33. Maximum Effkctive Area of Gas Molecules for 
Slow-movino Cathode Kays 

were of the order of 10“^ mm. With heavier gases the focus¬ 
ing became less at lower velocities, e.g. in the case of argon at 
just over 4 000 volts. 

(c) Composite Focusing Arratigemevis, The principles stated 
for preliminary focusing with composite methods apply also 
in the case of the combination of electrical lens and reduced 
pressure gas-filling. Tlie only difference is that here the “gas 
lens” has to perform the greater part of the refraction. 

(iii) The Itselitence of the Space Charge on the Spot 
Size in High Vacuum. It has been pointed out in the pre¬ 
ceding sections that, in a high vacuujii, a bright and sliarp 
fluorescent spot can only be secured as a small image of a real 
or virtual source of electrons, by means of an electron-optical 
system. If an ideal point source of electrons or one fixed at 
infinity and a perfect and accurately adjusted electron-optical 
system is assumed, the fiuorescent spot would be formed at the 
focus of the beam of electrons converging from the optical 
system. Even if the above conditions are fulfilled, an ideal 
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point as a fluorescent spot must not be expected in view of the 
electron space charge in the neighbourhood of the focus of the 
electron beam, as this causes a very important limitation to the 
smallest possible cross-section. 

Other conditions being equal, the greater the ray current the 
greater will be the smallest possible cross-section of the fluores¬ 
cent spot, on account of the greater space charge. This 
condition is shown diagrammatically in the drawing (Fig. 31). 
An insurmountable limitation is set by the effect of the space 
charge in the construction of high vacuum tubes. The exact 
knowledge of this limitation with respect to applied anode 



Fi(i. 34. Limitation of the Minimum Section of a Convergent 
Beam by the Space Char(}e 

voltage, ray current and magnitude of the angle of convergence, 
or for a given image distance, the value of the initial diameter, 
is of great importance, since it determines the possible peak 
output of the high vacuum tube. The results of an investigation 
of the space charge^*^®^ effect in the deflection space are therefore 
given in rather more detail. 

In carrying out the investigation, the same method of 
calculation was employed as that given by Zworykin.The 
size of the limiting angle of the electron beam plays an impor¬ 
tant part, and is designated hereafter as the angle of conver¬ 
gence. This angle is 2y (see Fig. 34). Special attention has 
been given in the investigation of the effect of space charge 
to the calculation of those curves which show the way in which 
the size of the spot varies with the angle of convergence or 
initial cross-section, and on the ray current for values of anode 
voltage most frequently used in television reception and for 
making measurements. The calculation is based on the 
assumption, which makes for simplicity, that the minimum 
spot diameter is always small compared with the initial cross- 
section, and further, that the function of the electron-optical 
system in collecting rays may be replaced by a corresponding 
initial radial velocity. This initial velocity is a result of the 
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radial acceleration component of the electron-optical system 
corresponding to the focusing voltage of Fig. 35. The 
focusing voltage is calculated by the aid of a simple geometrical 
consideration in accordance with Fig. 35, thus— 

V, = (DoV462) X F . . . (11) 

where Dq is the initial diameter of the ray, V the velocity of 
the electrons in volts, and b the distance of the image. The value 
of Vr is, therefore, for given angles of convergence linear with 
the anode voltage. 

The space charge in the ray opposes the focusing voltage. 
The smallest diameter is calculated from the formula 

In = (v;hjlUc) X (w/c) . . (12) 

where is the radial velocity in cm./sec. due to the focusing 
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Fig. 35. Determination of the Focusing Voltage from the Tube 
Data (for Rays near the Axis) 


voltage Vr, V the velocity in cm./sec. produced by the anode 
voltage F, i the ray current in e.m. units, o the velocity of 
light in cm./sec., (e/m) the electron constant in e.m. units. 
Fig. 36 shows the way in which the smallest ray diameter 
depends on the ray current for various anode voltages, taken 
for two values of initial diameter and focusing voltage. For 
simplicity the focusing voltage has been chosen the same for all 
anode voltages in each family A and B of the curves, so that 
various distances of image result. The corresponding angles 
of convergence can be calculated direct from the geometrical 
data and vary from 20' to 1®. It will be seen that even under 
the most favourable conditions of large initial cross-section 
(curve B) and with anode voltages of several thousand, the 
highest permissible ray current is 0*5 mA. if the spot diameter 
is to be less than 1 mm. With the same anode voltages and an 
initial diameter of 0*25 cm., which frequently occurs in practice, 
the ray current to fulfil the same conditions must not exceed 
0-1 mA. 

These figures show that the high-vacuum tube is inferior, 
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in light intensity of the spot, to the type in which gas-filling 
compensates for the space charge, since with the same values 
of anode voltage and a spot diameter of 1 mm., the gas-filled 
tube at times permits of a current up to 1 mA. At the same 
time, however, a portion of this current will be conducted away 



In itial Diameter 
A — 0'25 cm 
B ~ 1‘0 cm 
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Fig. 36. Minimum Ray Diameter as a Function of the Ray Current 
FOR Various Ray Velocities and Initial Diameters 


by diffusion. It can be seen from Fig. 36 that with a certain 
spot diameter the greater the ray currents, the greater is the 
initial diameter or angle of convergence and the greater the 
anode voltage employed. 

Of course, it is possible when fixing ideas for design, to view 
the matter from a different standpoint to that previously 
adopted. For instance, the anode voltage, the distance of the 
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image and the smallest spot diameter can be fixed and the 
question then asked: What initial diameter will give a certain 
ray current and therefore a certain output and spot brightness ? 
The curves of Fig. 37 were calculated this way. If the condition 
of an infinitely remote or point source of emission is abandoned 
it is known that even without considering the influence of the 
space charge there is a certain minimum cross-section which 
depends on the conditions of the electron-optical system 
existing at the time. If the design of the whole system is such 



Fj(i. 37 . Minimitm KA^ J-)r\MKTr<nt as a Kum'tjon of thf Initial 
Diamktkh Vaiiious Fuhuknts 


that this minimum section is just equal to the smallest section 
determined by the space charge for the highest ray current 
under load, then under such conditions the size of the spot does 
not depend on the ray current, a characteristic which would 
be detrimental to the image, for instance, in television. Above 
aU, efforts must be made, when designing the system which is 
the source of the rays, to ensure that as far as the electron- 
optical system permits, the ray current which reaches the 
deflection space can be easily controlled. For more detailed 
consideration, the effect of the space charge on the ray source 
would also have to be examined. The increase in size of the 
section of the intermediate image in particular, as well as the 
increase in the angle of divergence, must be investigated. A 
rough calculation for the ray currents limited by the conditions 
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in the deflecting space and the lens voltage existing in practice 
showed that the increase in size of the angle of divergence can 
generally be ignored. 

The calculation was made by Watson^®^^ and Knoll and 
Ruska.^®^^ The enlargement of the intermediate image by 
reason of the space charge does not appear to affect the spot 
very much, since the more divergent angle counterbalances the 
lower electron velocity in this part of the tube. 

3. Current Path in the Tube. A knowledge of the path 
taken by the current inside a cathode-ray tube is important if 
the operation is to be completely understood. The path taken 



Fig. 38. Internal Luminosity in an Old Type op Gas -filled 
Cathode-RAY Tube 


by the current in gas-filled electron tubes is made particularly 
distinct by the luminous phenomena which are produced. 
When a gas-filled tube operates, the luminous phenomena of 
Fig. 38 can be observed. The beam is clearly shown as a streak 
of light. It extends in a straight line up to the screen, where 
it terminates in a more or less distinct halo. The greater part 
of the bulb remains dark but in the region of the anode, a blur 
appears and increases in length as the gas pressure is reduced. 
In order to ascertain the course of the ray stream, the screen is 
metallized and a connecting lead taken to the outside of the 
bulb. An electrometer measures the voltage drop along the 
stream, between the anode and the screen and shows a value 
of 50 to 150 volts negative to the anode, i.e. less than 10 per 
cent of the anode voltage, which can be only slightly changed 
by alteration in current, voltage, and pressure. The path 

4—(T.36) 
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between the anode and the screen is therefore shown to be one 
of very low resistance. 

As soon as the screen is connected electrically to the anode, 
the whole anode illumination disappears momentarily and the 
whole of the interior of the bulb with the exception of the path 
of the stream remains dark. These experiments show that the 
course of the stream in ordinary tubes whose fluorescent screen 
is not connected to the exterior of the bulb can be assumed to 
be as follows. The secondary electrons produced at the 
insulated screen move under the influence of the low potential 
fall at the anode, in the vicinity of wliich they generate the 
luminous glow by collision with free ions. Inside the bulb 
between the screen and the anode there is an irregular diffused 
back stream which surrounds the electron jet on all sides. 
Figs. 39 and 40 show two exj)eriments concerning this. The 
luminous space behind the anode has been influem^ed by either 
an electrical or magnetic field. The ray has been deflected 
in the same diretjtion in both cases by this transverse field, 
i.e. upwards as shown in the illustrations. In Fig. 39 not only 
the ray but the whole luminous glow has moved upwards 
simultaneously because the upper deflecting plate has been 
connected to a positive potential. The s])ace charge is conse¬ 
quently negative. This ex])eriment gives no clue as to the 
direction of the current. 

In Fig. 40 a magnetic field perpendicular to the plane of the 
paper has been employed. It can be seen that the ray bends 
upwards, whereas the luminous spa(;e charge bends downwards 
and to a much greater extent. This proves that these are 
actually back-stream electrons which, moving away from the 
gas space with lower velocity, return to the anode. As this 
back-stream completely fills the cross-section, it obviously also 
passes through the space between the defiecting plates. It 
can modify the field round the ray and cause deviation from 
the theoretically estimated deflection curve. It should be 
remembered, however, that the elimination of the internal 
back-stream by an external shunt is in many cases desirable. 

The current path in a high vacuum is the same, except 
that in this case the partial compensation of the screen charge 
by positive ions naturally does not occur. With the usual 
insulated screens, the dissipation of the screen charge only takes 
place by secondary omission from the screen. In a high 
vacuum, therefore, only fluorescent screens whose secondary 
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Fig. 39. Anode Luminosity in the Electkical Field 






Fig. 40. Anode Luminosity in the Magnetic Field 
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emission factor is sufficiently large are used. In practice, it 
has been found that the ordinary screen materials nearly 
always provide a sufficiently high secondary emission. Even 
in high vacuum tubes the retardation of the electrons by the 
screen charge rarely exceeds 10 per cent of the anode voltage. 
The penetrance of the anode of the ray-producing system on 
the screen zone is sufficient to ensure that the return electron 
stream is quickly conducted away. 

III. Control of the Energy of the Rays 

1. General Information concerning the Control of Energy of 
the Rays. When the cathode-ray tube is normally used as an 
oscillograph every endeavour is made to use d.c. voltages 
which are as constant and free from interference as possible. 
The characteristics of the waves of alternating supply are 
liable to introduce fluctuations in sensitivity and may exercise 
an objectionable influence on the brightness of the spot and 
the curve it traces on the screen. Such modulation is, however, 
desirable in the case of some uses to which the tube is applied. 
When the energy of the rays is varied by a control voltage, 
there is the possibility of registering three instead of two inde¬ 
pendent variables, since the variation in brightness of the spot, 
as well as the co-ordinates of its position, are shown on the 
fluorescent screen. The best-known instance of this is the 
formation of televised pictures by the cathode-ray tube. 

In other cases it is required to allow the ray to register its 
trace only during a certain space of time, and to cut it off 
before and after its working period. This happens in photo¬ 
graphing single pulses of ultra-short duration; in which, from 
considerations of photographic recording, the inclusion of the 
spot at the end of its traverse is undesirable. In such cases 
the luminosity must be varied from full brilliancy to extinction 
by the brightness control. 

If the modulation of the light is accompanied at the same 
time by a change in sensitivity, movements of the ray in rhythm 
with its energy modulation, but in addition to those due to 
static deflection, will take place. In consequence, it is possible 
to obtain registration in co-ordinates other than Cartesian, 
e.g. Polar co-ordinates (see the following section). 

There are a few instances of cathode-ray tubes being used 
as relays and performing the functions of amplifiers. In such 



THE CATHODE-RAY TUBE 


39 


cases the rays fall upon a trap electrode which takes the place 
of the fluorescent screen. From the examples given it follows 
that the modulated ray must, generally speaking, fulfil one of 
the following conditions—either the speed of traverse must 
be constant while the energy is varied, or the speed must vary 
while the energy remains constant. The first condition is 
fulfilled when variation in brightness has to occur at certain 
prescribed points on the image. This condition implies that 
the magnitude of the luminosity must be independent of the 
co-ordinates of the position of the spot, or that no change in 
position of a deflected ray must take place when the energy is 
being controlled. In television this condition must be fulfilled 
to about 1 per cent. Both types of 
control will now be considered in 
greater detail. 

The brightness exhibited by the 
fluorescent material which will be 
influenced by energy control, depends 
only upon the energy. The result of a 
photometric measurement is given in 
Fig. 41, which shows the amount of 
light produced to the total amount of 
energy expended. The rays are com¬ 
posed of electrons having an elemental 
charge e of which n per sec. fall on the 
collecting electrode, e.g. the screen 
which has been raised to potential V. ne then is the charge 
transported per sec., i.e, the current. Then 

N = n,e,V , . . . (13) 

is the energy absorbed by the collecting electrode. But 
according to tlie energy law 

eV — \mv^ .... (14) 

Moreover, with a density of q electrons per cm. of beam 
length, tlie number v transported per sec. is given by 

n qv , . . . . (15) 

The output can also be written as 

N = (\m)qv^ . 



Fig. 41. Relation be¬ 
tween Spot Bbightness 
AND Intensity of the 
Ray 


(16) 
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Therefore, the energy of the beam can be modulated by 
varying either q or v. The first would naturally be termed 
current modulation and the second velocity modulation. With 
current modulation it must be possible to keep the electron 
velocity v constant, whereas with velocity modulation it is a 
question of operating with constant current. 

2. Methods of Energy Control. First of all, let us consider 
current modulation at constant velocity, which is the more 
important of the two modulation processes. 

(a) Current Modulation. As the control of the number 
of electrons emitted per second is really a matter of adjusting 
the cathode output, the position of the control electrode is 
usually in the neighbourhood of the cathode, i.e. in the dis¬ 
charge space. The process is similar to that of which use is 
made in amplifying valves and can be caused to take place 
by means of cold control electrodes placed between cathode 
and anode. The control by means of the grid electrode must 
be distinguished particularly from that involving control by 
a diaphragm. 

(i) Grid Control. The method of operation of this process 
of energy control depends on whether it is applied to higli- 
vacuum or gas-filled tubes. In the former case the focusing 
effect depends merely on the geometrical disposition of the 
cathode, anode, and control electrode. If the tube contains 
gas to secure auxiliary space cliarge focusing, the (control 
conditions become much more complicated. The control cle¬ 
ment in tliis case not only causes a change in the number of 
electrons reaching the screen per second, but also brings about, 
by reason of this change of cathode output, an alteration to 
the focusing effect of the space charge. The effect of the 
control on focusing is large or small according to the shape 
and position of the control electrode relative to the cathode 
dark space. The size of the cuithode dark space is dependent 
on the geometrical arrangement of the control element. 

A perfect control system must therefore result in focusing 
which is consistently good, and must have characteristics which 
are not liable to change. There must be no variation in diameter 
of the fluorescent spot over the whole modulation range of 
the control voltage which, if possible, should be large. 

Below are discussed various methods of controlling the ray 
current which were employed in the course of development. 
Some of the arrangements referred to are not perfect, from the 
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electron*optical point of view. The latter methods have 
therefore given only fairly good results with gas-filled 
tubes since the effect of gas-focusing was stronger than the 
control by external electron-optical means. Following the 
trend of historical development, brightness control is discussed 
in turn as relating to the high gas-pressure tube, and that with 
reduced gas pressure as well as the high-vacuum tube. 

The simplest form of current modulation, ignoring the very 
slow modulation due to the heater current which alters the 
focusing to a considerable extent, is the control by means 
of a grid in the path of the stream between the cathode and 
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Fia . 42. Current Modilation by Means of a Control Grid 

( sk/tupy) 

the anode.^^ 2 ) The electrode arrangement is shown in Fig. 42. 
This geometrical system does not give very satisfactory opera¬ 
tion with a gas-filled tube, and in consequence is seldom used. 
If the grid is fitted outside the dark space, as is nearly always 
the case in practice, then control of the rays by high-frequency 
sources is scarcely possible. 

In the high-vacuum tube also this form of arrangement is 
not very suitable since the wires of the grid in the ray path 
cause considerable disturbance in the formation of the image. 

(hirrent modulation without a special type of control grid is 
shown in I'ig. 43. A controlling a.c. voltage is superimposed 
on the d.c. potential of the Wehiielt cylinder.This arrange¬ 
ment has attained very considerable importance for tubes 
with and without gas-filling. 

Let us consider next the forms of construction and results 
of the old gas-filled type of tube. 

The heated cathode produces a space charge cloud of electrons 
which surrounds the emission element and which represents 
the point of origin of the rays. In a construction without 
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negatively biased control element (Wehnelt cylinder), the 
number of electrons required for the production of the rays 
at constant gas pressure and anode voltage must be accurately 
adjusted by means of the eniissivity of the cathode, i.e. the 
heating current. 

The dark space between the cathode and the point where 
the rays may be considered to originate, which without any 
negatively charged control element is only about y^o mm., is 
considerably enlarged when a negatively charged cylinder is 
employed. Hence, it can be proved that the potential gradient 



around the cathode is decreased, in other words, the strength 
of the field in the neighbourhood of the cathode is considerably 
reduced by the negative bias on tlie cylinder. With such a 
negatively charged cylinder only a small fraction of the elec¬ 
trons in the cloud and around the cathode contribute to the 
actual cathode ray. The variation of the number of electrons 
may be described pictorially by stating that the number of 
lines of force extending from the anode to the space charge 
varies as the potential of the cylinder is varied, subject to 
the condition that the emissivity of the cathode is greater than 
that required for the production of the ray stream. 

In order that the space charge at the cathode may be main¬ 
tained, the cylinder must be negatively biased with respect 
to the cathode. In practice the static charge of the Wehnelt 
cylinder and the amplitude of the varying control voltage 
should be so chosen that at no time should the beam become 
sufficiently defocused to prevent the whole of the stream 
passing through the hole in the disc. With positive control 
voltage a large number of the electrons would flow to the 
cylinder. 

The relation between the Wehnelt cylinder and the space 
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charge focusing is apparent in Eig. 44 from the control char¬ 
acteristics whose parameter is the anode voltage Fo. In the 
lower portion of the diagram the characteristic of F^ = 2 000 F 
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Vm . 44. Control Characteristics of a Gas-filled Tube in which 
THE Brightness is Controlled by a Wehnelt Cylinder 


is distinguished by greater abscissa measurements. This curve 

/a=/(FJr,_co„st. • . . (17) 

is linear over a wide range, so that the current when modulated 
will vary in proportion to Fg over a considerable range of the 
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latter voltage. The calculated slope of such curves in high 
vacuum triode 

S={dhldV,)y^ . . (18) 

shows that with constant heating and gas pressure it is inde¬ 
pendent of the anode voltage. From the outline of the 
characteristics, in gas-filled as well as high-vacuum tubes the 
value of D —which depends only on the dimensions of the 
electrodes—of the anode voltage through the cylinder 
aperture of the cathode can be determined. 

D = J 61 a — const. . . (19) 

The internal resistance of the discharge region is given by 

R.=={6VJdh)y^^ . . ( 20 ) 

All three values calculated in Fig. 44 with constant heating, 
electrode construction, and gas pressure, are connected by the 
Barkhausen formula 

s.D .R,= I .(21) 

Since these relations apply also to high-vacuum tubes, it 
follows that in gas-filled tubes a controllable discharge is 
present. 

In the kind of dis(*harge dealt with here D is constant. The 
positive space cliarges do not appear to influence tlie electrical 
fields. Since the voltage governing the electron emission may 
be expressed by the relation 

V \ - l \ + J ). V ^ , . . (22) 

where D = penetrance {(lurchgriff), it follows that, other things 
being equal, the anode current no longer appears as a function 
of anode and cylinder voltages, but will dei)end on the control 
voltage Vf. and the emissivity of the cathode, the value of D 
being the same for difi’erent values of the heater current. The 
currents flowing to the Wehnelt cylinder are not troublesome 
when gas-filling is used. With negative bias they are less than 
10“"^ amperes; consequently, in spite of gas-focusing they are 
of the order of *01 of the anode current. Although, as can be 
realized from the direction of the current, positive ions are the 
carriers of the control cylinder current, their presence has 
practically no influence on the course of the field in the Wehnelt 
cylinder. The positive space charge required for gas-focusing 
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remains almost wholly confined to the central path of the ray, 
so that the configuration of the lines of force remains unchanged. 

Furthermore, the end of the control range for each anode 
voltage has been sketched on the control characteristics shown 
in Fig. 44. Inside these no diminution of focused spot takes 
place. The control range corresponds to higher anode currents 
as the anode voltage is increased and at the same time 
becomes smaller. 

This is explained by the fact that the number of surplus ions 
available for producing the focusing effect becomes smaller as 
the anode voltage is increased, i.e. as the electron velocity is 
increased due to the decreased probability of ionization. An 



Fkj. 4r). Fharactkristic for Commencing Ray Current (I) and 
Optimum Spot Acuity (11) 

increase in the negative voltage applied to the Wehnelt cylinder 
beyond the limit of the control range will result in an insufficient 
supply of positive ions for focusing. 

Finally, with every characteristic in Fig. 44 the anode 
current, which naturally increases with increasing electron 
velocity, is sliown for eacli case of optimum brightness of the 
spot. If modulation occurs, producing a variation between 
the extremes of comj^lete darkness and optimum brightness 
of the sjiot on the screen, the ray stream will vary between 
the limits of zero and that value required to produce the 
optimum focusing. The range of the anode current will be 
confined by the limits of the extinction voltage on the 
cylinder and the spot voltage Vp, The difference F, — Vp 
increases as shown by the curves in Fig. 45, showing the relation 
between the extinction and optimum spot voltage in relation to 
increasing anode voltage (Fig. 44). At a given gas pressure 
fewer positive ions available for focusing are produced per 
electron at high anode voltage. 
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In order, therefore, to secure the necessary balance between 
electrons and ions for the formation of the spot, a greater 
number of electrons must be emitted as the voltage increases. 
In short, this means that providing the focusing electrode is 
of suitable dimensions (see later), and that the geometrical 
axis of the cylinder coincides with the optical axis of the ray, 
precise modulation of the current without displacing the spot 
can be carried out by cylinder control over the useful range 
of spot brightness. 

However, where high-frequency control voltages are employed 
anomalies arise in the current modulation by the Wehnelt 
cylinder. These phenomena, observed by the author during 
experiments, will be discussed by the aid of Fig. 46. When an 



Fio. 46. Current Modulation by Wehnelt Cylinder (Aiujon 
Filutncj) at High Frequencies 


a.c. voltage of variable frequency but constant amjjlitude of 
2 I: 1F is applied to the Wehnelt cylinder of a normal cathode- 
ray tube, it can be observed that in the frequency range up to 
about 5*10^ cycles a luminous variation of about 20 per cent 
of the stationary effect occurs. Above the value mentioned 
the variation increases rapidly. In the case of tubes filled with 
argon the variation increases to 100 per cent at frequencies 
just over 10®, and with the same modulation amplitude. Just 
beyond this frequency range the variation determined experi¬ 
mentally drops away very quickly. It is of particular interest 
that at frequencies over 10® cycles per sec. current modulation 
no longer occurs, obviously, in consequence of gas inertia. The 
discovery of this particular frequency limitation deserves special 
consideration when using this method of control in gas-filled 
tubes for television. 

The errors of control by the Wehnelt cylinder just discussed 
are caused partly by gas-filling (the way in which the shape 
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of the spot and its sharpness depend on the ray current and 
the relation between load and frequency, etc.), and partly by 
the eccentric position of the point of emission in the tube 
system (changes in the position of the spot). Both types of 
error can be observed in the reduced pressure type of tube 
discussed above, though to a less extent. By fitting an electro¬ 
static or electromagnetic converging lens between the cathode 
system and the fluorescent screen, the focusing due to the 
electrode system is improved so much that a very much weaker 



Fig. 47. Electrode Con.strxtction of a Tube with Wehnelt Cylinder 
AND Electrostatic Accelerating Lens and Reduced Gas 
Pressure 

space charge is sufficient to bring about the focusing which is 
still necessary. In terms of electron optics, this means that 
the image of the cathode on the screen is formed, as before, 
by the help of an additional lens with smaller magnification. 
The illustration, Fig. 47, shows diagramatically, the electrode 
construction of a tube with Wehnelt cylinder and accelerating 
lens. Whereas with the older system with point cathode and 
simple anode, a magnification of approximately forty times 
the emission region was seen on the fluorescent screen, the 
magnification by the system described having an accelerating 
lens instead of a simple anode is only about 10-12 times. 
Although in this system the gas-filling could be reduced to 
one-tenth the gas pressure of the older system vdthout dis¬ 
continuity of the gas-focusing effect, the various errors in the 
brightness control are still so pronounced that reproduction 
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of fine-grained television pictures free from disturbances is not 
possible. Fig. 48 illustrates the relation between the error in 
change of position, which is frequently to be observed in 
gas-filled tubes, and the magnification. The division of the 
accelerating space by the first anode or lens electrode affects 
the position of the control characteristics in such a way that 
they are no longer in the region of strongly negative bias 
voltages as in the older systems with simple anode. In general, 
conditions are chosen and the resulting value of 1) is such that 
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Fig. 48. Relation Between the Erbok tn thp: brightness Conthol 
AND Spot Enlargement, Faitltv Centrin<} of Cathode and 
Cathode Imach: 


the steep portion of the control characteristic is below 100 volts 
in the region of negative bias. 

As the gas pressure is reduced, the neutralization of the space 
charge at the cathode is also reduced, so that by decreasing 
the distances and increasing the accelerating voltages and other 
factors, the potential drop in front of the cathode must be 
increased. In high-vacuum tubes, therefore, the electrodes 
carrying the accelerating potential are fairly close to the 
cathode. Nevertheless, in order to secure sufficient penetrance 
of the control field, i.e. to obtain a steep control characteristic, 
it is necessary to bring the control electrode very near to the 
cathode. In high-vacuum systems, which will now be discussed, 
the original cylinder shape has been replaced by flat control 
electrodes. Fig. 49 shows the arrangement of the brightness 
control electrode and the effect of various values of negative 
bias on the shape of the ray in a high-vacuum system. In this 
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system, which, as already mentioned, is employed in almost all 
modern high-vacuum television tubes, a small ray-section at 
the first accelerating electrode, which is provided with a narrow 
aperture, is reproduced on the screen. It can be seen at once 
that control of the illumination can hardly give rise to any 
change in position of the spot since the position of the ray- 
section reproduced is independent of the voltage of the control 
electrode. Only the size of the ray-section is altered as well as 
the angle of divergence at which the electron beam emerges 



Fig. 49. Effect of the Illumination Control on the Shape of 
THE Ray rN a High Vacuum 

in field-free space from the aperture. The greater the bias the 
smaller the image of the cross-section of the cathode acting 
as the source of emission. 

Greater uniformity in the oxide emissive surface, steeper 
slope of the control characteristic and therefore a high anode 
voltage can be secured if, by suitable form of cathode, and 
possibly also of the controlling electrodes, the emitting cross- 
section is prevented from fluctuating with variation of control 
as in the systems discussed previously, and that the applied 
field strengtli has the same value at all points of the cathode 
and undergoes the same change when the control is varied. 

The purely diagrammatic drawing of Fig. 50 is a suggestion 
for approximating to this ideal. 

Tlie control characteristics of a high-vacuum tube show 
several notable differences as compared with those of a gas-filled 
tube given above. The characteristic of a modern high-vacuum 



60 


CATHODE-RAY TUBES 


tube is shown in the curves of Fig. 51. The ordinate scale 
covers the range up to the point where the diameter of the spot 
assumes a value which is greater than that of a picture element 
in a 180-line picture covering the whole screen. The maximum 
sharpness of the spot exists, therefore, over the whole range of 
the characteristic indicated. As distinct from the gas-filled 
tube, sharpness of the spot is maintained down to the lowest 
values of anode current. In fact, as a result of the influence of 


la 
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Figs. 50 and 51. Typtcad Control Ciiaractrristics of a Modern 
High-vacuum Tube 


the space charge on the sharpness of the spot, it is as a rule 
even better with low than with high current values. 

The magnitude of the maximum anode current is less than 
with gas-filled tubes. Nevertheless, the brilliancy of the spot 
is not much less than with the gas-filled type. In the high- 
vacuum tube there is no diffusion of electrons into the gas, and 
the whole of the ray current is effective at the fluorescent 
screen. In the illustration discussed, the measured light 
intensity characteristic is entered below the anode current 
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characteristic. Doubtless in the future the first characteristic 
will be considered of primary importance in television tubes. 
The increase in illumination due to the reduced eiEFect of 






Fig 52 ENLAiiC^D Portion of a TELrMSED Screen Picture 

With 1)1 i(k 111(1 ^^hlt^ (outlast to sho^^ that tlu iiositiou of the spot ib independent 
ot the ri\ Him iit in the high \ uuuiii tube characteiized bv the 
measurement of ig 51 


saturation wlien the ray energy is spread over a greater screen 
surface, is of particular importance in the measurements shown. 
The measurements on this high-vacuum tube show further 
that voltage changes of the order of 10 suffice for light-dark 
control of this system 

That errors due to the brightness control do not appear 

5“-(T 36) 
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in a high-vacuum tube, is proved by the very much enlarged 
reproduction of a televised picture obtained by this system 
and illustrated in Fig. 52. It can be seen that the lines are 
quite straight even where light and dark parts overlap. The 
method of brightness control discussed is, to-day, as a result 
of its freedom from errors and its high sensitivity, nearly always 
used where these properties are essential. Nevertheless, for 
completeness, a few other methods are discussed in the next 
section, and these have frequently given good service in the 
course of development. 

(ii) Use of a Diaphragm, In addition to the grid control there 
is also the diaphragm method of control. In this case, there is 
also a kind of cylinder control which we will discuss first. Its 



Fig. 53. Current Modulation by Means of Diaphragm Control 

effect is explained by Fig. 53, and the photographic experi¬ 
ment shown in Figs. 54 (a) and (6). The method is based 
on the fact that with tob low a negative bias on the cylinder, 
it is not possible to send all the electrons through the anode 
shield; a cone of rays is formed, only a fraction of which 
passes through the diaphragm. As the negative bias on the 
cylinder increases, the cone narrows and the efiiciency and 
intensity of the stream increase in the deflection space, the 
ray velocity being unaltered. Two phases of this process 
are shown in Fig. 54 (a) depicting greater luminosity and 
narrower cone, and Fig. 54 (b) showing lower luminosity and a 
wide open cone. The modulation and mean luminosity obtained 
are poor. The large section of the beam behind the anode is 
another obvious disadvantage. 

If diaphragm control is to be used it would appear best to 
keep the modulating voltage away from the focusing electrodes, 
and to apply only the constant voltage at which optimum 
focusing is obtained. 

Fig. 55 shows an arrangement by which control of luminosity 
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(b) 


Fiu. 54. Diaphragm Control by Altering the Focusing 



Fig. 65. Deplbctei* Light Control { Claigh ) 
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can be efiFected. Here, the ray is drawn away from the shield 
obliquely by a special electrode. This has the advantage of 
enabling the whole beam to be steered, the diaphragm retaining 
its high sensitivity, and without the expenditure of energy. 
Behind the anode the beam is unaltered. 

The arrangement is not perfect, however, in view of the 
deflection in front of the shield. The extent of this defect is 
less the smaller the diameter of the beam at the diaphragm. 
It can be reduced considerably by using a cylinder behind 
the anode disc, and charging it negatively with respect to 
the anode, forming with the latter an electron-optical system. 
A more satisfactory correction can be attained with the author’s 
idea of using a counter-electrode behind the anode. This 



Fig. 56. Diagram of Deflection Control 


arrangement of electrodes is shown in Fig. 56. By applying 
the same a.c. control voltage to each plate in front of and 
behind the anode, automatic compensation of the undesired 
deviation is accomplished. Even better results are obtainable 
—as practical experiments demonstrate—by connecting 
another cylinder between the compensating plate and the 
deflection plate assembly, and giving it a constant potential 
with respect to the anode. It follows as a matter of course 
in the unsymmetrical arrangement illustrated, that the elec¬ 
trodes controlling the illumination cause an alteration in the 
velocity of the electrons, but this is corrected by passing 
the electrons again through an electrode of constant potential. 
This objectionable velocity change can be avoided by using 
an electromagnetic instead of an electrostatic field for deflec¬ 
tion of the rays. At the same time the magnetic deflection 
method is simpler, as the auxiliary electrodes for brightness 
control by connecting to a definite potential become unneces¬ 
sary. In the older methods of stream modulation, the range of 
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control was not very great when good focusing was maintained. 
Very often two different methods of stream modulation are 
used in the tube simultaneously in order to obtain high 
modulation without sacrificing sharpness of the spot. 

(b) Voltage (Velocity) Modulation. If the velocity of 
the electrons in a constant ray current is varied by a controlling 
field, voltage or velocity modulation occurs. Since the energy 
of the rays is proportional to the 
third power of tlie velocity, strong 
modulation is produced by very small 
alterations in the velocity. ^ ^ ^ 

The modulating electrode is seldom 
fixed near the cathode. Frequently, 
the anode of the ray-producing system, 
or in special cases a second anode near 
the screen, or even the screen itself, is 
used instead. 

In the first instance electrons 


with modulated velocities are passed 

through tlie deflection space and, I ^ I 

since the sensitivity to deflecting fields 

increases as tlie velocity decreases, 

radial expansion occurs on the screen. ^ ... -r. 

In this way, for example, a relation the Usi al Displacement 
in polar co-ordinates can be portrayed or the Spot which Occurs 
(see below). Fig. 57 shows the effect i-ation is Car- 

of modulated anode voltage. Ihe Anode Voltage 
modulating voltage was an alternat- uo contre of scroeu 

. li r* T r ^lueiuHiiS out of the ray 

mg voltage oi radio frequency. By 

the aid of a synchronized time deflection (see below) a stationary 
figure of three modulation periods was produced on the screen. 
Tlie modulated voltage had an amplitude such that the whole 
luminous scale was covered. The effect of the alteration in 


out by V ARYINO THE 
Anode Voltage 

(•('litre of serec'u 
^lueadiiis out of the ray 


velocity on the deflectional sensitivity is indicated by the larger 
spot at the foot of Fig. 57. The lighter phases represent greater 
ray velocities, and therefore at their widest parts are directed 
towards the centre (top). The darker phases are directed 
outwards and the large spot displacement is proportional to 
the distance from the centre and is consequently zero at the 
middle of the screen. 


Displacement of the spot, which is troublesome in some 
problems, can be avoided by carrying out voltage modulation 
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after deflection, for instance, just in front of the screen. In 
the delayed acceleration process (Fig. 58) the ray passes 
through an extended network of thin wire which is at the same 
potential as the first anode just before it reaches the screen. 
The screen itself can act as the second anode and carry out 
the modulation. If the value of J) through tlie network and 
the first anode is sufficiently small, the sensitivity of the tube 
will not be affected by what goes on at the screen. In carrying 
out voltage (velocity) modulation efforts should be made to 
ensure that the conditions under which the image is formed 
by the electron-optical system are not disturbed by the control 
operations. This condition must be satisfied when high-vacuum 



Fig. 58. Control of BuKiiiTNESs by Variation of thk 

SlTRSP]Ql ENT A(’(’ELERAT10N 

tubes are employed. If the anode voltage in a high-vacuum 
tube is to be controlled, it is necessary, in order to maintain 
sharpness of the spot, that a portion of this control voltage 
should be tapped off’ to the lens forming the image, and that 
this should be of correct amplitude. 

With modern high-vacuum tubes where an accelerating lens 
is provided, the necessary voltage required for it is taken from 
a voltage divider and the arrangement is free from errors if 
the total voltage across this divider is modulated. 

One disadvantage of all velocity modulation processes is 
the necessity of using high control voltages of the same order 
as the anode voltage. The maintenance of high control voltage 
and the capacitance of the electrodes results in considerable 
loading at high frequencies. For instance, with a control 
circuit capacitance of 50 cm., and a modulation voltage of 
1 000, the consumption is 100 watts at a frequency of 3-10^ eye. 
The methods are therefore limited in practice to those special 
cases where the combination of luminosity and sensitivity 
is essential. 
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IV. Deflection of the Rays 

Cathode rays are deviated in the deflection space by a 
transverse field which varies proportionally to the variable to 
be measured. Alterations in the deflection can be carried out 
by electrical or magnetic transverse fields. The laws under¬ 
lying deflection and their exceptions, which occur under certain 
conditions, will be discussed in the following pages. 

1. Electrostatic Deflection, (a) Theory. The behaviour of 
a cathode ray in a condenser field, as long as the cross-section 
of the ray is small compared with the distance between the 
plates, can be explained very well by the laws which a single 
electron obeys. 

Pig. 59 shows th^ geometrical arrangement of the deflecting 




Fig. 59. Deflection of the Hays by an Electrostatic Field 

field. The electron having a velocity enters the field in a 
direction parallel with the plates. The field has been built up 
between the plates w hich are a distance a apart by an applied 
voltage Vj,. Jt traverses the field in a time f 1/r where the 
plates are of unit length. Tlie edge effect of the field of 
this plate is ignored. The subsequent motion is similar to 
that of a body falling under the action of gravity. A force 
Ee = Vj^eja acts on the electron whose charge is e and mass 
giving a downward acceleration g = {^I'nio) {Vj^ja) where E is 
the field strength and a the distance between the plates. This 
acceleration g is constant in magnitude and direction during the 
whole time of flight 1. Consequently, at the exit end of the field, 
there is compounded with the longitudinal velocity v a down¬ 
ward vertical velocity v' given by the relation 

v' = gt = (e/jriQ) (YJa) (1/v) . . (23) 

The diagonal of the parallelogram of velocities (in this case 
a rectangle) gives the required exit velocity tan a — v'jv in which 
the ray, after leaving the neighbourhood of the plates, proceeds 
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in a straight line. The curve traversed in the field is a parabolic 
trajectory. The tangents at the point of exit B intersect at 
the centre point M of the field. The ray appears to proceed 
in a straight line from the point M inclined at an angle a to the 
axis of the tube. Hence, for the deflection A on the screen, which 
is placed at a distance L from the centre of the plate, we obtain 
the relation 

A = L , tan a , . . . (24) 

Substituting the value found for tan a, 

A = lLVJ2Vaa . . . (25) 

after putting v in terms of Va according to the relation 
eVa = 

The deflection of the spot is, therefore, directly proportional 
to the plate voltage Vp. In consequence, the cathode-ray tube 
possesses the very valuable property of recording time curves 
directly, i.e. without amplitude distortion. The deflection of 
the spot per volt Aj Vp may be described as the sensitivity 
of a cathode-ray oscillograph with electrostatic deflection, and 
this constant can be calculated fairly accurately in advan(ie 
from the equation 

a, = //V2F„a .... (26) 

In practice a number of deviations from the theory developed 
under conditions which have been simplified arc evident. They 
appear partly in gas-filled and partly in high-vacuum tubes. 

One is due to the edge effect of the fields. The field does not 
begin and end at the edge of the plates, but extends some 
distance beyond. Particularly is this so in the case of short 
plates comparatively widely separated where Ija is small, in 
which case the theoretical relation gives too low a value. The 
discrepancy between calculated and measured deflection may 
amount to about 30 per cent. The deflection of the cathode ray 
in gas-filled tubes entails a certain consumption of power, since 
the conductivity of the space between the plates is not zero, 
as has been assumed theoretically, but depends on the voltage. 

(b) Practical Measurements and Experiments with 
THE Gas-filled Tube. It is difficult to calculate from theory 
the variations which occur in practice, but they can be easily 
measured. The essential basis on which the variations are 
detected consists of a graph of the plate circuit characteristic, 
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i.e. the relation between Vj, and the current ij, flowing between 
the plates. A characteristic of the plate circuit with the circuit 
used for plotting it is shown in Fig. 60. The top plate, when 
positively biased, takes an electron current which approaches a 
saturation value of 25*10“® amp. This is of the same order as 
the total ray stream, although the ray does not visibly touch 
the plates. Even if the plate is negatively biased, the current 
reaching it does not fall to zero completely as its potential still 
remains positive to the electrons returning from the screen. A 



Fig. 60. Resistance: Curve ov an Old Type of Gas-filled Tube 

(Argon) 


high negative bias in gas-fllled tubes gives rise to an ion stream 
of about 1 per cent of the electron stream. 

According to Fig. GO, therefore, the electron stream to the 
plates is only reduced to zero when a negative bias of about 
— 50 volts is applied. The plate system of the tube behaves, 
therefore, as if an applied e.m.f. of the same magnitude were 
present. 

Apart from this internal e.m.f., it is possible to ascertain 
from the measured characteristic the effective internal resistance 
of the plate circuit. The resistance curve = f{Vp) is shown 
on the same graph. The shape of the curve shows that, as in 
this case, the internal resistance of tubes employing gas-focusing 
is of the order of 1 mfi, the conductivity is a maximum with 
zero bias, i.e. when the ray is undeflected. In the case of large 
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deviations the resistance rises, though not proportionally, to 
a much greater value. 

Assuming that the sensitive low voltage gas-filled tubes with 
anode voltages of 1 000 require on an average 100 volts for a 
full spot deflection, the maximum load is about watts. 
This is very low, but in investigating voltages across resistances 
of about 10® ohms it may constitute a prohibitive load. 

Perfect tracing can only be accomplished with gas-filled tubes 
under certain conditions, since the conductance of the plate cir¬ 
cuit depends on the voltage. When the internal resistance of the 
circuit, the voltage across which is to be measured, is as great 
as or greater than the internal resistance of the plate circuit, dis¬ 
tortion of the resulting curves is unavoidable. 

The plate voltage is then a fraction of the test voltage and 
fluctuates with the deflection and gives rise to an unsuitable 
voltage division in the central position. 

The tube would appear to be less sensitive in this position 
than in the one where the ray is deflected. This fault can be 
described as an external zero error. With sources whose 
internal resistance is not greater than one-tenth of the 
minimum plate circuit resistance, i.e. about 100 000 ohms, 
the error is small enough to ignore. It is only in exceptional 
cases, where the resistance of the measuring circuit is 
greater than 100 000 ohms, that any intermediate amplifier 
is essential. In the case of tubes discussed below, where 
there is a low current stream to the plates, the tubes can be 
connected to sources up to 10® ohms. Such tubes, there¬ 
fore, when used in most low current investigations do not 
constitute any load on the circuit to be measured. One method 
of minimizing the external zero error is to bias negatively both 
plates at the same time. The characteristic of Fig. 60 shows, 
like the tube characteristic, two areas where there is excessive 
distortion. A rectifying effect may appear in these areas, and 
the whole curve can be displaced away from its central position 
as a result of the drop of voltage in the external resistance. 
Fig. 61 shows the plate circuit characteristics of Fig. (>0 which 
are static curves with a superimposed (‘onstant alternating 
voltage Fp, the value of which is given as a parameter of each 
curve. The point of intersection of these curves and the 
resistance lines gives the alteration in bias, i.e. distortion caused 
by the biasing effect. In Fig. 61 there is a change in bias of 
12 volts, with an external resistance of 10® ohms and an e.m.f. 
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of 20 volts (r.m.s.), i.e. about 60 per cent of the amplitude of 
the curve. With 60 volts and 10® ohms the bias is in the 
neighbourhood of 20 volts, whereas at 100 000 ohms external 
resistance the bias voltage is only 2 volts and can be ignored 
in practice. 

The curves show that the internal resistance in the source 
of supply must not be too great. 

Also in the case of tubes where there is only a small current 
to the plates the defect can be ignored. 

Besides the so-called external origin error just mentioned, 
which occurs when the 
tube is coupled to an 
external current-carry¬ 
ing circuit, there is a 
similar mtenial zero 
error which is indepen¬ 
dent of the external 
circuit resistance. The 
internal zero error can 
be foimd by measuring 
the displacements with 
known sources of poten¬ 
tial, the internal resis¬ 
tance of which is prac¬ 
tically zero. The effect 
can be explained as an 
alteration of the internal field structure of the condenser caused 
by the gas-filling. It does not exist in high vacua. The field 
strength influencing the ray at tlie central point is less than that 
calculated tlieoretieally for a vacuum. The explanation of this 
discrepancy lies in the fact that })()sitive ions formed by tlie 
electron stream wander slowly to tlie negative deflecting plate, 
and the ejected electrons proceed quickly to the positive plate. 
As a result, a cathode or anode drop is formed in front of the 
corresponding plate so that the field in the centre area between 
the plates is reduced. The difference in velocities of the 
wandering streams causes a distortion of the field and the point 
of minimum field strength is not centrally situated with respect 
to the plates. The remedy suggested for the removal of external- 
origin-error—to bias all deflecting plates negatively with 
respect to the rays—ogives some improvement, though not a 
complete cure, in the case of the internal origin-error, since the 
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ion stream as well as the electron stream will be subjected to the 
influence of the plates. The difference between the field strength 
as calculated and as observed is dependent on the relation 
between the field resulting from the potential under observa¬ 
tion and that due to the space charge. The greater the ratio 
between the former and the latter, the smaUer is the origin 

error. As the field 
strength of the space 
charge increases with the 
electron ray stream, the 
origin distortion is only 
feebly apparent with 
small ray streams.An 
increase in the electron 
velocity also reduces the 
amount of origin error 
since a more intense field 
is required to produce 
the same deflection. As 
the deflectional sensitiv¬ 
ity depends on the time 
which is taken by the 
electrons to traverse the 
plates, and on the field 
strength due to the de¬ 
flecting voltage, the 
length of the plates and 
their distance apart 
should be selected to be 
as small as possible to 
give the required sensi¬ 
tivity at a given anode 
considerable space when 



Fig. 62. Zero Error and its Relation 
TO Frequency at 1 500 v. and 300 v. 
FOR a Normal Deflecting System 
(Argon Filling) 


voltage. Since the rays cover a 
deflected a maximum limit is set to this distance. 


As the origin error is due to a certain extent to the charge 
of the positive ions in the deflection space, it depends naturaUy 
on frequency. Measurements of the origin error and the way 
in which it depends on frequency are given in Fig. 62. The 
upper curves were obtained with a tube having an anode 
voltage of 1 500 and the lower graph with an anode voltage of 
300; the latter is taken from a work by W. Heiman.^®®^ These 
diagrams show that the deflectional sensitivity increases with 
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the voltage for all frequencies except in the region of about 
5*10^ eye. 

The remarkable behaviour in the region of medium fre¬ 
quencies which always occurs when positive ions are influenced 
simultaneously (Wehnelt cylinder control, external control, 



Fig. 63. Sensitivity Curve Measured under Static Conditions 


etc.) commences when the deflection period corresponds to 
the time of passage of the ions. Both diagrams also confirm 
what has been stated above, that the range of the origin error 
in point of space is much smaller with high than with low anode 
voltages. 

The part played by internal origin error in distorting the 
sensitivity curve of a standard 
gas-filled cathode-ray tube having 
electron velocities of 1 000 volts is 
shown by static measurements in 
Fig. 63. In tliis case tlie deviation 
was measured by the application 
of varying d.c. voltages from a 
battery. Another dynamical trace 
of the spot is shown in Fig. 64 and 
was photographed while the tube 
was in action. This last curve was 



obtained by applying to both paii’s 
of plates voltages of equal ampli¬ 
tude (frequency 50 from a dis¬ 
charge circuit, the rate of voltage 
rise of which was constant. The 


Fig. 64. Strongly Pro¬ 
nounced Bend in the 
Sensitivity Curve of an 
Old Type of Gas-filled 
Tube 


measurements made with direct 


voltages as well as the curves obtained under dynamic 
conditions, show the bend in the sensitivity curve very 
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distinctly. The improvement obtained by an equal negative 
bias to the deflection plates with respect to the anode is 
shown in Fig. 65, which is a fluorescent screen photograph, 
and shows various deflection curves. The various curves differ 
from one another in respect of the varied bias on the plates— 
the bias increasing negatively from right to left. The second 
curve from the left in Fig. 65 was taken with a bias of 200 volts 
with respect to the anode, and shows a considerable portion 
which is a straight line. This })roves that the internal origin 
error can be reduced by negative biasing to such an extent as 



Fia. or). Fhotoouaphei) Sensitivity (^i hves for Different Values 
OF Plate Hias with Respect to the Anode 


to be of little importance in most measurements. There is a 
method due to Bedell and Kuhid^?) whic h eliminates both 
internal and external origin errors, and consists of applying a 
high negative charge to one of the plates of each pair with the 
object of displacing the electron jet from the anomalous centre 
of the plate field to the undisturbed periphery. Since the flu¬ 
orescent spot must, from practical considerations, be kept at 
the centre of the screen, it is essential either for the tube itself 
to be constructed on non-symmetrical lines or for the electro¬ 
static displacement to be eliminated by means of an auxiliary 
magnetic field. It is easy to produce an auxiliary magnetic 
field in a tube having a nickel anode. It is only necessary in 
such cases to magnetize the anode permanently (see below). 

Furthermore, Hudec<‘'^”> has suggested that elecjtrical instead 
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of magnetic return conductance could be used by means of 
one or perhaps two additional pairs of plates. With electrical 
as well as magnetic return conductance, the fundamental 
disadvantage is that the intensity and direction of the return 
conducting field must be adapted to the bias voltages em¬ 
ployed. Further, if the return voltages approximate to the 
bias voltages when electrical control is used, the deflecting 
system will have angles of 
deviation whose greatest Deff^fhnY 

value will be much less _ [ 

than with a normal plate I 

system of equal sensitivity. 

To secure deflecting angles I I 
of the same magnitude, it -J 1—. 

is necessary to double the Lu u i | 

distance between the plates +n*inTin - 
which results in the sensi- ^ 

tivity being reduced by 50 

per cent. Besides the Def/^hnY Def/ectionX 

methods described, which — I j 

are nearly all designed to ^ | ^ x 
displace the zero error to 
the edge of the screen, 
other means are also pos- 

sible in which the deflecting_ 

field is superimposed on a 
condenser field whose in- 
tensity changes from high ,—ZL„,J o 

positive to liigh negative ^ 

values, or vice versa in Circuit of the Deflection 

.r 4-K^ 1 Plates in a Gas-filled Tube with 

the direction of the length divided Earth Plates without 

of the plates. This sug- Zero Krror 

gestion can be realized by 

creating a voltage drop along the deflecting plates which must 
be made of resistive material or, alternatively, along one plate 
of each pair. This arrangement leads to a perfectly regular 
distribution of space charge effect over the screen surface as 
long as the voltage drop along the deflecting plates is greater 
than the amplitude of tlie deflecting voltage. 

The diagram. Fig. 66, gives the basic idea of a similar but 
simpler solution.It consists of dividing one of each of the 
pairs of plates of the deflecting system—^preferably the one 
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connected to earth—and taking the two halves to diflferent 
d.c. potentials. In the circuit of Fig. 66 the deflecting field 
is superimposed simultaneously on two fields of equal but 
opposite intensity. If, by suitable choice of sufficiently high 

voltage from the auxiliary 
battery, the bias voltage 
is always greater than the 
deflecting voltage (in order 
that the intensity of the 
deflecting field on any 
part of the system does 
not at any time become 
zero), then the zero error 
will on both sides lie out¬ 
side the fluorescent screen 
image. This is distinct 
from the older process 
mentioned above, where 
the error is almost always 
on one side. The path of 
the ray which results from 
this system may be ex¬ 
plained by the aid of Fig. 
67 (a). If we consider at 
first only one part of the 
deflecting plate system, 
the deflection a corre¬ 
sponding to the intensity 
and direction of the fleld 
takes place. The ray 
would then continue to 
travel in the direction of 
the straight lines. If, now, 
the second part of the 
deflecting system is considered by itself, a deviation through the 
angle a" occurs in the opposite direction. These angles are 
equal if the lengths of the subdivided pairs of plates are the 
same. If the ray traverses both fields in succession, a greatly 
extended path is obtained and it can be seen that the original 
direction is resumed. 

The parallel displacement which occurs, and which amounts 
to y, can be ignored in comparison with the deflection on the 
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Fig. 67. Kay Path whth Divided 
Earthed Plates at Different 
Deflection Voltages 
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screen. In order to prevent a reduction in the maximum ray 
deflection due to parallel displacement, it is advisable to adjust 
the ray in its stationary position so that it is slightly nearer 
one side of the plates, and that the emergent ray which has 



Fio. 68 Eltcctrodf 4BRAxnEMENT OF A Tfbe for Operating 
\M iiioiTT Zero Error 

suffered parallel displacement lies exactly on the axis of the 
deflecting system. Whereas in Fig. 67 (a) the path of the ray 
is traced to show the superimposed effective deflection field 
as zero, Fig. 67 {h) shows the path of the ray in the case where 
the effective deflection field strength just reaches that of the 
first part of the deflection system, but in the opposite direction, 
and in Fig. 67 (r) the action of the second part of the deflection 
system. 

In the two cases illustrated, the deflecting fields oppose one 

6~(T 36) 



68 


CATHODE-RAY TUBES 


another in one part of the system and assist each other in 
the second part. If the voltage of the auxiliary battery is 
chosen higher than that given above, an unnecessarily large 
parallel displacement will occur. On the other hand, if it is 
made smaller, the zero error will leave the two edge areas and 
move towards the centre of the screen. It does not, however, 
cause anything like the disturbance which occurs in the 
ordinary method of operation as long as the auxiliary voltage 
is sufficiently high that the disturbed zones do not coincide 
or overlap each other. The explanation is that at this voltage 




Fio. 09. Oscillograms of a Sinusoidal Voltacje with Zero 
Error { above ) and After its IIemoval [ hdow ) 

one at least of the two parts of the system always operates 
free of distortion. In practice, with a tube for deflecting 
in both directions as in Fig. 66, the two parts of the plates 
which are at the same potential can be connected together. 
The number of leads coming out is then no greater than in 
a cathode-ray tube of normal construction. Internal connexion 
would appear to be desirable in such cases as those where the 
tube is only to be used for certain purposes. For universal use, 
it is better to lead out the two parts of the plate separately. 
Fig. 68 illustrates the deflecting system of a tube incorporating 
the fundamental ideas mentioned. If the zero error can be 
ignored, this tube can be employed like an ordinary type if 
both halves of the plate are connected together externally. 
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The difference is clearly shown in the curve of the oscillogram 
of Fig. 69. Both curves were traced in the same tube by the 
same sinusoidal voltage. The upper wave, which appears to 
contain harmonics, was obtained by connecting the two plate 
sections of a gas-filled tube according to Fig. 68, and the lower 
curve was traced without distortion by introducing an auxiliary 
voltage according to the circuit of Fig. 66. By means of the 
simple suggested alteration to the deflecting system it is possible 
to eliminate the distortion due to space charge in a gas-filled 
tube, without dispensing with tlie symmetry and clarity of 
the arrangement. 

As we have seen, there is a number of discrepancies between 
calculated and measured 
values, especially i*n gas-filled 
low voltage tubes. It is highly 
important, therefore, to collate 
observed measurements. In 
order to correct the sensitivity 
formula empirically, it is neces¬ 
sary to collect the measured 
variations on a graj)h. The 
sensitivity constant a , was 
calculated and measured for a 
number of tubes of widely 
differing dimensions. Measure¬ 
ment was made by ap})lying 
to the tubes 3 or 4 known deflectional a.c. voltages of audio 
frequency. The results of the measurements were plotted 
against the ‘'field shape” as abscissae in Fig. 70. All measure¬ 
ments were reduced in terms of a standard bulb of length 
L — 300 mm. and a normal anode voltage of = 1 000. It 
is apparent that when Ija < 2-5 tlie measured values are too 
great and when Ija > 2-5 they are too small. As already 
implied, the error is due in the one case to field edge effects 
and on the other to origin distortion. The graph of Fig. 70 
corresponds to the scale of Fig. 71. As can be seen, the 
variations amount to 50 per cent maximum. 

Occasionally deflecting plates are dispensed with and an 
external control used. In principle there is no difference in 
effect between the field produced by plates inside the tube 
and external control, but in practice the latter causes some 
difficulties in gas-filled tubes which have to be considered. 
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Externally controlled gas-filled tubes are not equally efficient 
at all frequencies. On account of the low sensitivity, external 
control is unsuitable for low frequencies up to 5 000 eye. as 
shown in Fig. 72. The conditions in a high-vacuum are very 
much more favourable, but here as a rule the uncertain charges 
on the wall of the bulb produce a distortion of the electron- 
image. 

If the velocity of the wandering ions is sufficiently high to 
allow them to reach the glass wall in less than the time of one 



Fig. 71. Deviation of Sen.sitivity teknal Electrodes of an 

FROM Calculated Values Old Type Oas-filled Tube 


cycle, then the current which is being influenced by the external 
electrodes will neutralize the charges on the wall of the bulb. 
It is only at really high frequencies, say, 100 000 eye., that 
the externally controlled tube readies the limit of its sensi¬ 
tivity. Up to that limit the empirical relation 

= k ,lti .f . . . . (27) 

holds good, in which the frequency factor k depends largely on 
gas pressure, conductance of the glass, etc. The externally 
controlled tube is very suitable for high-frequency investiga¬ 
tions. It has the advantages of simple construction and of ease 
in adjustment of sensitivity by moving the plates. 

When the electron stream is deflected in a gas-filled tube 
two other phenomena which reduce the accuracy of measure¬ 
ment make their appearance. A photograph of the result of 
one effect is given in Fig. 73. If the cathode ray is allowed to 
scan the screen surface, as for instance in producing a line 
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raster in which the velocity in the direction of the line is about 
100 m./sec., additional oscillations occur as can be seen fiom 
Fig. 73. These disturbing oscillations occur in the older type 
of tube as soon as the anode voltage exceeds about 2 000. The 
frequency of the disturbing oscillations is definite, and only 
slightly altered by change in pressure or current, and is of the 
order of 50 kc. The direction of the oscillation amplitude is 
always radial from the centre point of the screen. The ray 
behaves as thougli the velocity were modulated a fev per cent, 
by the frecpiency in question. The phenomena observed are 
as the result of charges on the glass vails of the tube, caused 
by diffused or secondary electrons. When these charges reach 







Fio 73 Raster of an Eahrv 
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Fio 74 Raster withoit Ionic 
Oscillations bi t\mih Strongl\ 
pRONoi N( Li) Zero Error in a 
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a certain value they are neutralized by positive ions present 
in the gas. The periodic deflection of the cathode-ray which 
occurs in this way can be eliminated by an earthed metallized 
coating on the external surface of the glass, as in this way 
these charges are fixed capacitatively or conducted away. It is 
certain that external metallizing eliminates the extra deflection 
and the raster then appears without ionic oscillations, as shown 
in the pliotograph of Fig. 74. In place of external metallizing 
metal foil placed round the neck of the tube and earthed (as 
in Fig. 75) often suffices. 

A further anomaly occurs when an attempt is made to use 
gas-focusing with high-speed rays. An interesting case is illus¬ 
trated in Figs. 76 (a) and 76 (6). A point which is itself suffi¬ 
ciently sharp, in Fig. 76 (a) traces a 50 eye. oscillation, and in 
Fig. 76 (6) a 10® (*vc. oscillation. The amplitudes are almost 






72 


CATHODE-RAY TUBES 


the same. The low frequency is reproduced to the same degree 
of sharpness as that to which the stationary spot was adjusted. 
The h.f. oscillation on the other liand appears very much 
diffused. In the central portions, i.e. where the tracing speed 
is highest, the sharpness has suffered most. This can be partly 
removed by increasing the emission. It is also apparent that 



Fig. 75 Connexion ob ant Kxtfrnaj. Eauttt to ihf Nr:( k oi ihk 
IUtt.r to Si ppitrss (Jas Ost fixations 

by filling the tube with a gas of low molecular weight, e.g. 
hydrogen, as compared with argon, the h.f. limit at wliicli 
de-focusing takes place (*an be increased (*onsiderably. In the 
case in question, it was possilde to obtain a sharp tracing with 
a 2 cm. stroke up to almost 200 m. wavelength. By observation 
it is possible to distinguish in practice between two conditions 
of gas-focusing— 

(a) Gas-focusing with single sweep. 

(b) Gas-focusing with repeated tracing. 

The single sweep also includes the tracing of low-frequency 
oscillograms in which the period is long compared with times 
occupied by the space charge in building up and disappearing. 
Repeated tracing includes the case where the period is short 
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or of similar magnitude to the time in which the space charge 
builds up. In order to obtain optimum gas-focusing, the greatest 
possible space charge must be created in the first as well as 
in the second case. The only difference in the second case of 
the above detailed considerations is that the positive space 
charge does not confine itself to the small volume of the interior 
of the ray, but to the large volume of the entire space traversed 
by the ray. This latter volume, of course, becomes greater the 
longer the oscillogram. It can be seen that in the second case 


f 




(ff) . (M 

Fi«. 7(). BiiUKHiNd AT lfi(;n Tkacing SriiiEDS AND Gas-focusing 
( a) Sharp slioko at 50 c.p."., (/>) binned stioke at a deflection frequency ot 10‘e.p.s. 

a much larger number of ions must be produced (e.g. by greater 
ray currents, choice of suitable gases, higher pressure, and the 
anode voltage within certain limits. That ample gas-focusing is 
also secured under the second condition of operation is proved 
by measurements in the range of metre and decimetre waves 
which have been carried out successfully with gas-filled tubes. 
(H. E. Hollmann, 80 cm.) Between the two zones discussed, 
there is a range which with the usual lengths of oscillogram 
embraces the frequency range 10^-10® eye. This is the zone 
which embraces the broadcast frequencies, and is therefore of 
particular technical interest. For measurements in this range 
of frequency the gas-filled type, even with electron-optical 
system and reduced gas pressure, is quite unsuitable. For h.f. 
measurements—and always if high accuracy of measurement 
is demanded—the high-vacuum type should invariably be used 
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since it avoids almost all the errors mentioned in this section; 
and when the deflection space and the conditions under which 
it operates are correctly designed, it always has a high and 
constant spot definition. 

(c) Investigations with the High-vacuum Tube. In 
contrast to the gas-filled tube with its focusing effect, the 
conditions of deflection in the high-vacuum tube are of great 
importance for the design of the ray-producing system. The 
questions relating to deflection cannot therefore be treated 
alone here, but only in conjunction with the other factors 
which influence the system. 

The efficacy of large angles of convergence of the electron 
beam between the electron-optical system and the fluorescent 
screen has already been mentioned above. Large angles of 
convergence are advantageous for the development of the 
ray-producing system, since the resulting angles of divergence 
depend upon it. The angle of convergence determines the cross- 
section of the electron beam at the point where the deflection 
takes place, as well as the cross-section of the electron-optical 
system which is usefully employed and which does not gener¬ 
ally differ greatly from it, since the distance from the deflecting 
point or the centre of the electron-optical system—which is 
practically the same—to the screen is generally considered 
fixed. Fig. 77 shows the simple geometrical relations. The 
distance between the screen and the centre point where deflec¬ 
tion takes place is determined by the dimensions of the image, 
which is to be considered as being sufficiently free from distor¬ 
tion. Both in tracing and visual observation, distortion is now 
considered sufficiently small if this distance is about double 
the diagonal of the television picture or screen image. Greater 
distances are to be avoided since the distance between the 
screen and the electron-optical system, in order to secure small 
spots (low magnification), is always kept as small as possible. 
Even the demand for greater deflectional sensitivities in 
vogue to-day would not justify its increase, since experience 
has shown how to provide the necessary deflecting fields 
economically. 

The efficacy of large angles of convergence has already been 
referred to above, and it remains to answer the question, what 
is the greatest value permissible ? As the distance of the image 
according to the above is to be considered fixed, it is only 
necessary to make clear what ray cross-section may be used 
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at the point of deflection without the spot being enlarged 
beyond its critical size, which may be considered as the case 
when the diameter is greater than the diameter of an elemental 
area of the television picture at the edge. The greater the 
angle of convergence, the more easily a decrease in spot 
definition occurs at the edge of the screen. The greater the 
cross-section of electron beam at the point of deflection, the 



Distance of the image b- 



Length of dsflection - 
Diameter of the iens usefully employed 

Fia. 77. The Vahious Magnitudes of the Deflection Space 


more easily will irregularities in the deflecting field produce a 
critical enlargement of the spot. 

In order to develop the electrostatic deflecting field so that 
disturbance of the image formed by the electron-optical system 
does not take place, the mean potential of both deflecting plates 
must be constant with respect to the ray. This mean potential 
must be the same as that of the main anode. Attention need 
not be given to this point in the case of gas-filled tubes, since 
the ray has a very small cross-section at the point of deflection. 
Consequently, it is usually sufficient to employ the circuit of 
Fig. 78 with a gas-filled tube, one deflecting plate being con¬ 
nected direct to the anode or earth and the deflecting voltage 
taken to the other plate. Owing to the large cross-section 
of the ray in the high vacuum tube, this unsymmetrical 
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arrangement and the large emergent angles which the ray stream 
follows results in an elongated spot, and this cannot, even by 
subsequent adjustment of the focal length of the electron- 
optical system, be brought to the sharpness existing at the 
centre of the tube. The deflecting plates act like a cylindrical 
lens. This disturbance in forming the image, as shown by 
experiments, can be eliminated entirely by adopting the 
symmetrical arrangement of voltage illustrated in the lowei* 
part of Fig. 78. If the measuring arrangement or the operating 
circuit does not provide a deflecting voltage symmetrical to 
earth, such a (‘ondition can be created by tlie simjile preliminary 
push-pull stage discussed in later chapters. If the maximum 
angle of convergence with the type of tube available is not very 
great, and if the measurement is limited to relatively low 
deflecting voltages which only partly modulate the fluorescent 
screen, the decrease in the efficiency of the spot in unsym- 
nietrical operation very often can be ignored. 

This ajiplies, however, only if one ])air of plates is provided, 
or to that pair of plates which is on the side of the fluorescent 
screen. If the deflection voltage is practically symmetrical, 
and the dimensions of the deflecting plate are such that there 
is only a slight disturbance from the field of the edge, then 
perfect operation with large emergent angles and angles of 
convergence up to I"" are possible. In practice, it is generally 
the rule to work with smaller angles of convergence in order 
to retain somewhat greater sharpness and prevent the remaining 
dissymmetry of the system, small errors in adjustment of the 
lens voltage, and variations in the length of path, from exerting 
too great an effect. In tubes where the distance between the 
screen and the point of deflection is about 30 cm. the minimum 
section of the ray at the point of deflection in the larger and 
better types is of the order of 4- 8 mm. 

In the section on control of the ray energy it was pointed 
out that the shape of the ray is, as a rule, changed by the 
brightness (*ontrol. This takes place in such a way that 
with a strong negative bias a very small cross-section exists 
at the plane of the lens as well as at the point of deflection. 
If symmetrical voltages are not available, the cross-section of 
the ray in the high-vacuum tube can be reduced by using 
strong negative bias voltages until a sharp image is obtained, 
even with the greatest angles of emergence. Nevertheless, the 
spot brilliancy is for many purposes already too small for this 
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method of control to be used except where very high anode 
voltages are employed. 

The oscillograms reproduced in the following sections show 
that, with symmetrical voltages, a constant sharpness of the 
spot over the entire screen surface, with high brilliancy, can 
be secnired; tlie oscillograms show, further, the entire absence 
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Fig. 78. Symmethigal and ITnsymmetuic’ae Aukangement of the 
Plate Circ i it for Klec’trostatic Deflec’tion 


of anomalies and distortion in deflection. Only one source of 
error needs mention in this connexion. The secondary electron 
stream returning from the screen very easily produces charges 
on the interior surface of the glass, particularly when the value 
of D for the anode with respect to tlie screen is not negligible. 
In the high-vacuum tube the charges on walls are neutralized 
comparatively slowly, and can therefore give rise to raster 
distortion, for instance in television pictures, and even to slow 
oscillations of the whole image. Experiments have shown that 
it is not necessary to metallize the tube internally to get rid 
of the wall charges, but that it is sufficient to make them 
constant by a capacitance to earth consisting of an earthed 
external metallic coating. Such external metallic coatings are 
visible in the tube shown in Fig. 80. If the secondary electron 
stream has not already been conducted away by internal metal¬ 
lizing, a certain proportion of the return electron current reaches 
the deflection plates determined by the value of Z)in question. 





78 


CATHODE^RAY TUBES 


With the small currents present in a vacuum tube the amount of 
current reaching the deflecting plates is never sufficient to cause 
any appreciable voltage drop over the terminal resistances when 
these are several megohms. Here, again, the vacuum is vastly 
superior to the gas-filled tube. For measurements of higher 
accuracy it is desirable not to make the resistance in the 
deflecting plate circuit greater than 500 000 ohms. In cases 
where the resistance in circuit with the deflection plates must 
be very small, the current taken by the deflection plates, which 
are always positive, can be kept very low by means of internal 
metallizing, trap, or guard-ring electrodes arranged between 



Fig. 79. Deflection of Ray by a Magnetic Field 

(Field iK'ipeiulK ul.ii to plane ot the papei) 

the deflecting plates and the screen, or by a screen to which a 
separate connexion is made. 

2. Magnetic Deflection, (a) Theory. Calculations will be 
made on the assumption of the existence of a uniform magnetic 
transverse field to which the ray is exposed over a length I 
of its path. The strength of the field H is found from the 
current i flowing through the exciting coil. Here, again, it is 
possible to obtain an approximation to the true result by 
applying the laws to a single electron. The force acting on a 
part of the ray stream i . I and being perpendicular to the 
direction of the magnetic field is 

K = H A.I .(28) 

and the acceleration of the electron is 

g — Kfw = Ilillm = Heoirn . . . (29) 

The final velocity v' which the electron reaches in time / 
under the force K 

= = gt 

= (Hevim) (l/v) — {Heljm) 


(30) 
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From this it follows that the direction of motion at the point 
of emergence makes an angle a with the original direction given 
by the relation 

tan a = v'fv — (Hejm) (l/v) . . . (31) 

The geometrical similarity of the small triangle and the large 
one with base L and spot deflection A gives for the latter the 
relation 

A = (He/m) (IL/v) .... (32) 

With magnetic deflection the sensitivity is 

a„, -=- A/H = (e/m) (IL/v) (mm./gauss) . (33) 

As we have seen, the magnetic sensitivity is proportional to 
l/v and not l/v^ as in the case of electrostatic deflection. Small 
variations in velocity, therefore, have much less effect in 
magnetic than electrostatic deflection. Variations from this 
theory must be expected and are evident from the approxima¬ 
tions which have been assumed. They are the same as with 
electrostatic deflection and can be understood from the calcula¬ 
tions. The edge effects of the field cause considerable variation 
under certain conditions, especially when the external field, 
on account of the exciting coils, influences the undeflected ray. 

Also, it is not an easy matter to maintain a uniform deflec- 
tional field over the vdiole operating length ?, so that a different 
value representing the effective length will have to be substi¬ 
tuted in place of the geometrical length. More exact details 
should therefore be obtained from experiment. 

(b) Practical Results. Magnetic deflection is free from the 
disturbances caused by reaction of the catliode ray on the 
current circuit, and from such tracing defects as are discussed 
above. A further advantage is that it is a method of controlling 
the tube from the outside, since it is a simple matter to adjust 
the position of the exciting coils and to change them. The fact 
tliat the impedance of the coil depends on the frequency is a 
disadvantage. When endeavouring to obtain a current sensi¬ 
tivity which is constant over a wide frequency range, it is 
desirable to connect a non-inductive resistance which has a 
value greater than the coil impedance coL in series with it. 
Of course, the power consumption of the deflecting system will 
be greatly increased. Sensitivity and independence of fre¬ 
quency are not easily attained simultaneously with magnetic 
deflection. 
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The following numerical example gives some idea of the 
conditions under which magnetic deflection is carried out. 

The mean sensitivity of coil deflection is about 1 mm./mA. 
with an electrode voltage of 1 000, the effective length I is 
60 mm., the length of the ray 300 mm., and number of turns 
600. Suitable inductance would be about O-Ol^ henry with an 



Fig 80 ARiiANGCMFNr oi DiiLiciiN( Cons i on a Tilfvision 

Tubt 


impedance of 1 200 ohms at the higliest audio-fiequency of 
10 000 eye. With an additional lesistance of 10 times the 
impedance of the coil, a spot independent of frequency necessi¬ 
tates a power consumption of 20 watts, which obviously 
cannot compare favourably with the efficiency of electrostatic 
deflection. 

As the equations given above show, tlie deflectional sensi¬ 
tivity and consequently the output reejuired depend to a great 
extent on the proximity of the deflecting coils to the ray. To 
get higher sensitivity with magnetic deflection, therefore, the 
procedure of constricting the neck of the bulb between the 
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source of the rays and the screen has been resorted to. As 
long as the diameter of the neck is not much greater than 
5 cm. the output required for a suitably-formed deflection of 
a saw tooth oscillation of only 25 periods (i.e. a saw tooth 
oscillation as required in television for the picture frequency) 
is quite low enough to come within the range of standard small 
broadcast amplifying valves. 

In these and similar cases where a deflection scans with 
frequency components below 500 eye., magnetic deflection is 
superior in many ways, even to electrostatic deflection. The 
use of two deflecting coils as indicated in Fig. 80 produces 



Ftg. 81 Arrangement of the Coie wiih Ikon Core for Magnetic 

Deflection 

very uniform fields, even in larger spaces in the vicinity of the 
axis of the tube. This characteristic of magnetic deflection is 
of very great value in modern high-vacuum tubes where the 
cross-section of the ray at the deflection point is large. Mag¬ 
netic deflection is more economical where an iron core is used 
in the coil. The form of such a core is illustrated by way of 
an example in Fig. SI. The iron core should be designed so 
that iron losses can be ignored even when higher frequency 
components are present. The smaller the diameter of the neck 
of the tube, the greater the improvement attained by the use 
of an iron core, i.e. by reducing the magnetic reluctance of the 
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external circuit. If high accuracy of measurement is required, 
it is advisable to dispense with the iron core which in practice 
is never completely independent of amplitude and frequency. 

3. Composite Methods of Deflecting the Rays, (a) Deflection 
IN Cartesian Co-ordinates. It is possible by using only one 
deflecting field to obtain photographs of time curves when 
investigating low frequencies. The missing co-ordinate, the 
time abscissa, would, in such a case, be replaced by a revolving 
mirror or other external optical apparatus, which would be 
situated between the observer and the visible record of the 
test. Mechanical methods of this kind are useless for high 
frequencies. We can take, for example, the case of photo¬ 
graphing a 100 m. wave with an amplitude of 10 cm., which 
is recorded at a maximum tracing speed of 2 000 Km./sec., 
itself a high speed; whereas in investigating transients in high- 
voltage tubes, tracing speeds up to one-third the velocity of 
light are the highest speeds attained with cathode-ray tubes. 
In making high-frequency investigations we are forced to 
replace the time co-ordinate by an electrical deflection of the 
ray, transverse to the direction of deflection due to the voltage 
under test. The voltage producing this transverse field must 
have a known, and if possible, linear variation with respect to 
time, so that the resulting curve shows at once the test voltage 
to a time base. 

The problem consists, therefore, in giving the ray two 
deflections in fixed directions to one another, and these deflec¬ 
tions must be quite independent. With few exceptions both 
deflections should be arranged along axes which are perpen¬ 
dicular to one another. In many cases, particularly in phase 
measurements, conditions must be such that deflections can 
be made in both directions simultaneously. The deflections 
can be made by two electrostatic or two magnetic fields at 
right angles to one another, or by one magnetic and one 
electrostatic field acting in parallel directions. In principle 
the fields can act simultaneously by superposition, or can be 
placed one behind the other in the direction of the ray. The 
particular difficulties of both methods are explained in Figs. 82 
and 83. Fig. 82 shows two crossed electrical fields operating 
simultaneously which are produced by a box-like arrangement 
of four condenser plates. 

Fig. 83, on the other hand, shows the more usual arrangement 
of the crossed fields one behind the other. 
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The box-like arrangement does not ensure complete inde¬ 
pendence of the two fields from one another. On the right 
of Fig. 82 the configuration of the field resulting from the 
short-circuiting of the pair of horizontal plates is shown as 



Ficj. 82. Simultaneous Effect of Two Electrostatic Fields at 
Kiout Ancles to ea(‘h other py Means of a Box-like 
Arranuement of Deflecting Electrodes 

an end-on view. It is assumed that one pole of each voltage 
component is earthed. It can be seen that the ordinate field 
whicli w^ould be uniform over the whole width of the plates 
if the other field wore absent, becomes distorted by the two 
opposite plates, and there remains only a limited portion 
of the field in wdiich uniform deflection can be obtained. The 



Fig. 8,‘J. Sikt-esstve Effect of Two Separated Pairs of 
Deflecting Plates 
'I'iu* two most important (Mscs 


rule for the arrangement showm in Fig. 82 is therefore that the 
maximum final deviation must never overlap the edge of the 
plate. The conditions of Fig. 82 are rather better when the 
voltage is taken to the deflection plates symmetrically. 

Superposing the two deflecting fields on one another 
(Fig. 83) does not cause any interference, but the distance 
between adjacent edges of the plates must be greater than 
the spread of the field. The width of the plates which in Fig. 
83 give the first vertical deflection need only be very small and 
a few times larger tlian the diameter of the ray; the width of 
the second pair of plates must be larger so that even under 
greater deflection of the first pair of plates the ray does not pass 
beyond the edges. The disadvantages of the use of staggered 

7-{T.36) 
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fields for deflection are that their sensitivities differ, by reason 
of their different distances from the screen, internal phase 
differences in the fields are set up as a result of the electron 
velocity and axial displacement of the ray occurs even when 
the fields are actually in phase. 

The latter becomes of importance when registering high 
frequencies with slow cathode rays (see below). 

The same considerations and sources of error apply in 
principle to crossed-magnetic fields. The use of an electrostatic 
and a magnetic field at the same time has one advantage. Both 
fields can be superimposed at the same point without mutually 
disturbing one another. 

At this point mention may be made of the fact that inclina¬ 
tion of the deflecting plates has proved extremely useful in 
securing higher deflection sensitivity at given maximum angles 
of emergence, particularly in tubes for larger ray deflections. 
Progress has not been so great, however, with the low voltage 
tube as with the liigh voltage oscillograph, where detailed 
calculations as to the most favourable kind of plate, i.e. the 
type of plate most suited to the parabolic path of the electron 
in the deflecting field, have been carried out. On the other hand, 
efforts have been made with the low" voltage tube to obtain 
a constant deflectional sensitivity for any position of the ray 
by forming the plate edges into definite curves. 

When the deflecting plates are used asymetrically, and 
the angles of deviation are large, a trapezium instead of a 
rectangular figure is observed even when time deflections from 
constant discharge voltages are used. This is due, when 
electrostatic deflection and unsymmetrical operation is used, 
to the electrons reaching the second deflecting system with 
different velocities according to the direction in which the first 
deflection took place. These phenomena are closely linked up 
with the fact that in the high-vacuum tube, where dual electro¬ 
static deflection takes place, a symmetrical disposition of 
voltage on the pair of plates facing the anode is absolutely 
essential. As time voltages are usually more easily produced 
symmetrically than measured voltages, it is advisable in high- 
vacuum tubes to connect the time base to the pair of plates 
facing the anode. 

We must not omit to mention that slotted discs at anode 
potential have been used for de-coupling and screening several 
pairs of plates. 
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Although perfect rasters or measurement figures can be 
obtained with a symmetrical arrangement of voltage and dual 
electrostatic deflection over the whole screen, and although 
tubes are not much more complicated by building in two 
further plates which are led out separately, yet television tubes 
of normal construction developed by the author and discussed 
below in which both electrostatic and magnetic deflection are 
used, are to be preferred. 

Others recognized at the same time as the author that this 
arrangement is very effective for television reception.Where 



Fig. 84. SiiAiir and Undi^stoktkd PTCTmr. Kastek trom a Hk.h- 
VACIMIM FL^C '1 l{ON-KA^ Tl BE OF MODJ RN C’oNSTRl C TION 

both electrostatic and magnetic deflection are used, wliich is 
possible with Jiiodern a])})aratus for producing saw toothed oscil¬ 
lations without any great increase in powei* consumption, there 
is the additional advantage to that mentioned above, of a smaller 
image distance, with equal length of deflection, which is main¬ 
tained as a result of the reduced length of the second deflecting 
system. Care must be taken, of course, that the magnetic 
deflecting system does not disturb the system which is the 
source of the rays. This condition is usually satisfied completely 
when the neck of the tube is similar in size to that in the tubes 
discussed below, if the line connecting the centre of the coil 
coincides with the edge of the deflecting plates w hich face the 
screen. The uniform sharpness of the spot which is obtained 
with composite deflection right up to the extreme edge of the 
screen, can be seen from the raster photograph of Fig. 84. A 
comparison of this picture, which is uniformly good, with that 
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from a gas-filled tube reproduced above, shows the enormous 
superiority of the high-vacuum over the gas-filled type of tube. 
(b) Deflection in Polar Co-ordinates. The combined 



Fig 85 Kepreseinta- 

TION IN POEAR 

Co-ordinates 


defiections so far discussed have all been 
made in rectangular co-ordinates. A 
description of the way in which polar 
co-ordinates are used is also given here. 

As shown in Pig. 85, the principle of 
this method of tracing is that a rotating 
voltage vector r with constant angular 
velocity varies in length to correspond 


with the voltage under test. The angular velocity corresponds 


to the frequency co of the variable under test or to some exact 


sub-multiple of it if a standmg figure is to be produced. 


Oscillography in polar co-ordinates is c*arried out with two 



Fig 86 Simple Circuit ior Tracing Figures 


crossed deflection fields, and a constant Wehnelt cylinder 
potential, using at the same time a phase-shift device as shown 


in Figs. 86 and 87. In Fig. 
86 the sinusoidal voltage is 
in series with a resistance B 
and a condenser C whose 
values are such that the 
resistance of B is equal to 
the reactance of C. Thus 
across B and C are equal 
voltages, but with phase dis¬ 
placement of 90°. By apply¬ 
ing these voltages to each 
pair of plates respectively 
the desired circular trace is 
obtained. The amplitudes of 
the deflecting voltage as well 



Fig 87 Tracing Circuit with One 
Side Earthed 
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as the radius of the circle amount to about 70 per cent spot 
deflection, which the alternating voltage itself would have 
given. The arrangement in Fig. 87 gives the amplitude as 
radius of the circle. It possesses the disadvantage of deflection 



Fig. 8S. Osculloguam of a Sinusoidal. Voltaije in 
P oLAK Co-ordinates 


voltages whi(*h are not symmetrical to earth. The modula¬ 
tion of the vector amplitude has already been mentioned in 
the chapter on modulation, p. 55. 

By superimposing the alternating voltage on the anode 
voltage the current is modulated and corresponding departures 
from the circular path appear on the oscillogram of the 
measured voltage. 
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As distinct from the method mentioned, in which the bridge 
arrangement for tracing the circle remains constant and the 
electron velocity is altered by the variable to be measured, 



Fio. 89. Osc'iiJ.ooKAivr of Two Imitlsks sft'aratkd from 
ONF ANOTHFR BY 7-(» X 10 ® SFC. 


in the circuit of Fig. 90 the anode voltage is kept constant 
and the angular frequency across the bridge is varied by 
the voltage to be oscillographed. The particular advantage 
of this circuit can be seen from the fact that the whole oscillo¬ 
gram can be traced without altering the formation of the image, 
and with a spot of constant brightness. Deflection in polar 
co-ordinates by modulation has recently also been achieved by 
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others.Goubau^^^^ arrived at the same conclusion, using a 
double push-pull arrangement. It must be remembered that 
a good circle can only be expected from high-vacuum tubes 
with a well-shaped sine wave from the source of voltage. 

Finally, it is possible to modulate the ray stream by the 
test voltage through the brightness control electrode, the bridge 
giving the circular time base being unaffected. This process 
is suitable only for phase measurement. It seems useless to 
attempt to measure the amplitude of tlie tested voltage by 
photometry of the spot on account of the inaccuracies of the 
screen itself. If it is required to ascertain the direction as well 
as the magnitude of the i 

pliase angle, a suitable M 

stroboscopic method is -- - \-^odulaft>r 

that described by Holl- n/p M n 

mann and Saraga.^^^) The Jr Tn A vJ 

velocity of the tracking V 

spot appears to be re- J * Frequency I 

duced so much by the of rotation 

stroboscopic method, that tX 

it remains visible to the 
naked eye even when I- 

deflected at very high fre- Modclatiox ok the Rotating 

quencies. illis apparent i ndkr Examination, the Electron 
reduction in speed by the Velocity being (’onstant 

stroboscope is carried out 

in a very sinijile way. The ray is modulated by an auxiliary 
frequency which differs slightly from the one under investiga¬ 
tion. The modulation voltage can be superimposed on the 
control cylinder voltage or on the anode potential. Time marks 
which revolve in one direction or the other are then traced on 


Frequency 
of rotation 


Fig. 90. Modi lation ok the Rotating 
Voltage Vec’tor by the Variable 
i NDER Examination, the Electron 
Velocity being (’onstant 


the screen. If the modulation frequency is below the deflection 
frequency or its multiple then the stroboscopic motion of the 
time marks will be the same as the actual direction of the spot. 
The direction of revolution of Lissajou’s figures can be detected 
in this way, and enables the phase deviation between the 
co-ordinates and a reversal of original sign to be recognized. 
Here are two examples. In the first case a series resonant 
circuit will act as an inductance or capacitance according as 
the applied voltage is higlier or lower tlian that required for 
resonance. This can be demonstrated in Fig. 91 by comparing 
the phase of the resonant circuit LC with that of the voltage 
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across a pure ohmic resistance i?. On the screen of the tube, 
a Lissajou figure appears above and below resonant frequency, 
the direction of rotation being reversed for leading or lagging 



Fig. 91. Stroboscopic Examination of a Complex Resistance 
BY TJi?] Cathode-RAY "Pcbe 

phase angles. An analogous experiment can, of course, be made 
with an oscillating circuit. In the second example, Fig. 92, 
the phase displacement of travelling waves can be examined 
by the method described. The phase angle cp between trans¬ 
mitter and receiver of a wave depends on their distance d apart 



Fig. 92. Stroboscopic Examination of Phase Displacement 
OF Soi ND Waves 

and the wave length A, and is represented by (p = cot where 
CO is the angular vector velocity and t the time. If the velocity 
of transmission = v, then t — djv and tp = "Ind/X, i.e. the phase 
angle is a function of the distance d. This relation can be seen 
from the diagrammatic acoustic demonstration of Fig. 92, in 
which the exciting voltage for the loudspeaker L is applied to 
one pair of plates while the amplified voltage of the micro¬ 
phone M is applied to the other pair. By gradually increasing 
the distance between loudspeaker and microphone, the subse¬ 
quent formation and disappearance of elliptical figures at 
intervals of half a wavelength with the corresponding reversal 
in direction of the rotating vector can be observed. 
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A very simple method of securing deflection in polar co¬ 
ordinates and one which is superior to all the methods previ¬ 
ously described was developed by the author in 1936.* The 
operation is as follows: the cathode rays are deflected mag¬ 
netically by a pair of coils forming part of an oscillatory circuit. 
The corresponding pair of plates is connected to a condenser 
in the circuit so that a circular deflection is produced since there 
is always a phase angle of 90° between the current and the 
voltage in an oscillatory circuit. The design is such that a 
symmetrical deflecting voltage results and produces an excellent 
tracing. The variable under examination is impressed on the 
second deflecting system which consists of a pair of coaxial 
cones. The frequency range covered is from 600 to 2*10^ cycles. 
Usually a frequency of 10^ is employed and it may be synchron¬ 
ized by a quartz operated transmitter if desired. The precision 
of measurement is about 0-5 per cent, which corresponds to 
2*5, X 10sec. at a frequency of 2 x 10®. 

An oscillogram recorded from a sinusoidal voltage is shown 
in Fig. 88, and Fig. 89 indicates two short impulses following one 
another in quick succession. If higher tracing speeds are re¬ 
quired, a saw tooth oscillation may be fed to the deflecting 
cone forming a ‘‘time spiral,” which allows the time base to be 
extended considerably. 

Wherever precise measurements involving very small time 
intervals are involved, the Polar co-ordinate electron oscillo¬ 
graph, developed by the author along the lines indicated, is 
recommended. 

4. The Effect of the Time of Transit of the Electrons in High- 
frequency Work. (a) Electrostatic Deflection. Errors occur 
in the tracing of very high frequencies as a result of the fact 
that even the cathode stream is not entirely devoid of inertia, 
since the electrons move through the deflecting field with finite 
velocity. If the time during which the electrons are in this 
field is large compared with the period of alternation of the field, 
then there is a reduction in sensitivity and a phase error occurs 
when the frequency is high. This is what happens in the case 
of oscillographs with low anode voltage, i.e. low ray velocity 
and long deflectional fields. 

(i) The Dynamic Sensitivity of the Tube at very High 

* M. von Ardenne, “Ein neuer Polar-Koordinaten-Elektronenstrahl- 
Oszillograph mit linearem Zeitmasstab. Zeit. /. tech Phys. Vol. 17 (mss'), 
p. 660. 
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Freque7iciesM^^ The equation (26) already given is valid only 
as long as the deflecting fleld is constant during the passage 
of the electrons througli it. On the other hand, if the period 
of the deflecting field is comparable to the time taken by 
the electrons, then the former is not constant during this 
time. The resulting conditions can be explained by the aid 
of Fig. 93. An electron comes between the deflection plates 

at the precise moment 
when the instantaneous 
value of the deflecting 
voltage is zero. The vol¬ 
tage changes as tlie elec¬ 
tron passes on, going 
througli its positive half¬ 
cycle first and then its 
negative half. The dis¬ 
tribution of voltage in 
space is shown above 
the upper deflecting 
plate. 

if only the positive 
half of the wave is con¬ 
sidered, it \\ ill be seen that this produces a deflection through 
an angle a so that the electron would continue its flight along 
the dotted line. Also the negative half-wave deflects the 
electron in the opposite direction through an etpial angle a\ 
If the electron traverses both half-waves successively then 
after a complete period the angular deflecticm a is completely 
cancelled by the (lefle(*tion in the opposite direction, and 
the electron continues in its original direction. The parallel 
displacement y compared wdth the screen deflection A can be 
ignored. 

Further, the diagram shows that the deflection is greatest 
when the time of transit corresponds to exactly one-half period. 
The cathode-ray tube therefore fails completely when the 
traverse time corresponds to the time of one cycle. On the other 
hand, when it equals one-half period there is a point of 
maximum sensitivity. 

The mathematical formula for the above is obtained from 
the following considerations. If the electrons had the velocity 
of light, then the length of a complete period, as assumed in 
the discussion of the voltage distribution along the deflecting 



Fic. 9.‘i. Path of 4n Kloctkon in a 
High-freqi kncy Kihlo 

WHEN THE Time of Passa(,e is Eqt ae 
to TJiE Period oi the Kieed 
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plates, would equal a whole wavelength L As, however, the 
electrons move at a lower velocity Vc, the voltage distribution 
along the deflecting plates would appear to be shortened to 
the extent vjc. As the explanation is similar for more than 
one period, it will be appreciated that the cathode-ray tube 
becomes quite insensitive when the length I of the deflecting 
plates is exactly equal to the corrected wavelength, i.e. when 

=2 7i}i{vQlc) (where — 1, 2, 3 . . .) . (34a) 


A very strong deflection is 
obtained whenever the length of 
the plate is equal to one-half 
wavelength (corrected), so that 
maxima in sensitivity are obtained 
when the length I amounts to a 
corrected half-wavelength or an 
odd multiple of it, i.e. 


i/A 

— 1 — 






I 


; 


' 1 

J 1 


Fig. 94. Effectivk Length op 
Plate and Redt ced Wave¬ 
length 


La. - (2 h - 1) {mS>olc) (346) 

If the frequency is so high that several corrected wavelengths 
are spread along the defle(*ting ]>late, then eadi pair of half- 
wavelengths cancel one another, "rhere is only a small effective 
portion, and the effective plate length as given in Fig. 94 be¬ 
comes (A/2) (Vq/c) maximum. But since according to equation 
(19) the sensitivity decreases with shorter length of plate, it 
follows that the dynamic sensitivity must be less for this reason. 

The exact matheiiiatic*al treatment of the problem is given 
in the relation for the transverse acceleration 


g = (e/mQ) (rjd) sin ((ot + (ot^) . (35) 


where t indicates the time variable in the accelerating field 

X 

and ti = ~, its space distribution with respect to the moving 

electrons. From this, the value of the dynamic sensitivity 
ignoring its phase relation is obtained as 


sin (<^/ 2 ) 

'0 ^cff2- 


(36) 


where (p is the phase angle, oo the angular vector velocity, and 
the electron traversing time is given by 9 ? = wty. 

In Fig. 95 the deviation of the ray is given as a function of 
the frequency for a plate of length 2 cm. and anode voltage 
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1 000. At the points corresponding to equation (34a) the 
sensitivity of the tube is zero, whilst at tlie frequencies given 
by equation (346) it is a maximum, the ordinates of which 
decrease as the frequencies increase. If the anode voltage, 
i.e. the electron velocity, is altered, the wliole curve is displaced 
so that adjustment to a maximum sensitivity can always be 
made. The sensitivity does not always increase with decreasing 
anode voltage if the null point is being approached or has just 
been passed, or as in the case of static* sensitivity indicated by 



Fig. 95. Sensitimty ok the Catiigde-ray T\ he as a Function 

OF TTTE FrEQI ENCY 

equation (20). It may just as likely decrease. This will be 
shown later by experiment. 

(ii) Phane Dhsplacemenf between the (Jo-ordinate.s'. By ar¬ 
ranging the pairs of deflection 2 )lates, u hich are perpendicular 
to one another, behind one another, an additional phase 
displacement between the voltages applied to the deflecting 
plates occurs. E. H. Hollmaiin was the first to investigate this 
thoroughly. As the electrons require a finite time to pass 
from one pair of plates to the other, a time lag in both co¬ 
ordinates occurs between the deflections amounting to 

T = d/vg ..... (37) 

or expressed as a phase angle 

y) z= (OX ~ (jjd/Vg . . . (38) 

If alternating voltages in phase are applied to both deflecting 
systems, the screen of the tube registers a straight line inclined 
at 45° to the deflecting systems. If now a phase displacement 
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between the deflecting plates occurs, the straight line will be 
drawn out to an ellipse or a circle. At very high frequencies 
there will be a phase displacement due to the angle y) between 
the two deflecting systems in the tube itself, so that deflecting 
voltages in phase with one another will not produce a straight 
line. It is only when the phase displacement—proportional 
to sin y )—becomes zero that the tube is suitable for investigating 



( 6 ) ^ 

\ / «. 

Fi(i. 96. Static Charac’tehistic ani> Inversions Due to the 
Fffe(’t of the Traverse Time of the Electrons 


high frequencies. This condition is always fulfllled when y) is 
a multiple of IHO'^. That is, 

yj — (odfrQ — nji . . . (39) 

therefore indicates freedom from internal phase distortion. 

Certain ray velocities Vq, o^ corresponding anode voltages, 
satisfy this relation and in consequence produce a straight line 
on the screen, whilst other values result in circular figures. 

In Fig. 96 various deflection traces are shown which, with 
the exception of (a) taken at 50 eye., were obtained with a 
wavelength of 84 cm. All the oscillograms were taken with 
plate systems directly coupled, i.e. in phase. Fig. 96 (a) shows 
the static orientation of the co-ordinates with a 50-cycle 
deflecting voltage. At 1 200 volts and wavelength 84 cm. the 
straight line of Fig. 96 (b) is obtained, and this, compared with 
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the static characteristic of Fig. 96 (a), is rotated through 90°. 
At an anode voltage of 1 500 volts it can be seen (Fig. 96 (c) ) 
that the straight lino splits up as the anode potential rises, 
and that at very high potentials it reverts to the static charac¬ 
teristic of Fig. 96 (a). 

Figs. 96 (rf), (e), and (/) represent lower potentials, and it 
can be seen how the dynamic characteristic of (6) alters from 
an ellipse at 800 volts {d) to a circle at 550 volts (e), and reverts 
at 230 volts (/) to a straight line. Now this characteristic of 
photograph (/) has the same orientation as the static charac¬ 
teristic, and represents a characteristic of the second order in 
which the time of passage of the electron between the two plates 
has produced a phase change of 360°. At the same time, the 
decrease in sensitivity as the anode voltage rises can be seen 
at once from the photographs of the smaller tracings. The 
tube is therefore operating on a falling portion of the sensitivity 
as explained in the last section. In this instance, the first zero 
point is implied, this being reached at an anode voltage of 
2 000. Phase displacement between the co-ordinates makes 
analysis of oscillograph images difficult at very high frequencies. 
The method of phase correction by suitable adjustment of the 
anode voltage, which will have to be made for each frequency 
in a given tube, is an objectionable complication in practice. 
Consequently it is advisable to carry out phase correction 
independently of the anode voltage. Hollmann^'^^^ evolved a 
special arrangement of the deflection plates for doing this, as 
shown diagrammatically in Fig. 97. The new plate system 
differs from the original by the fact that one of the pairs of 
])lates Pg divided into two equal parts which are placed at 
equal distance d' and d" on either side of the other pair of 
plates Pj. When the section d' is traversed, a phase dis¬ 
placement occurs, the angle being y/ = cod'JvQ. The section 
is traversed in the opposite direction, and thus causes 
a phase displacement y/' ~ — a}d"|v^) ~ — y/. The resultant 
phase displacement is therefore zero, so that the tube is free 
from phase error at all frequencies and electron velocities. 

In short, it may be said that the efficiency of the tube for 
high-frequency electrostatic deflection is limited by the sensi¬ 
tivity required, and this in turn is fixed by the form of the 
field Ija. The smallest distance a is limited by the radius of 
the stream which, in order to avoid disturbance, by electron 
reflection and diffusion, must not approach the plates by a 
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distance less than twice its diameter. The length of the plates 
cannot be increased at will on account of constructional 
difficulties, and in any case such a change is not an efficient 
arrangement at high frequencies since the dynamic sensitivity 
is controlled by the effective plate length. A further limit to 
the operating capacity of the tube is set by the electrode 
resonance, which in turn is determined by the ratio of 
capacitance and inductance of the plate circuit. The resonant 
frequency of the plate circuit for most tubes corresponds to a 
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wavelength of a few decimetres, 
a region in which tlie tube is hardly 
suitable for use. 

(b) Magisetk^ JJeflectio]s\ In 
cases where the time involved is 
not long compared with the tra¬ 
verse time of the electrons, the 
considerations of frequency occur 
in magnetic just as with electro¬ 
static deflection. However, with 
magnetic deflection the region of 
very high frequencies will seldom 
be reached since coils designed for 
adequate sensitivity would be of 
too high impedance. Limitations due to frequency are reached 
in the external circuit before they become of importance in 
the tube itself. 


Fic. 97. Set of Deflecting 
Platj!:<^ Fori Veky Hicjh 

Freql ENCTE«5 


V. Tube Construction 


The general theoretical fundamental principles, a knowledge 
of which is essential for the practical develo})ment of cathode- 
ray tubes for work involving small currents, have been con¬ 
sidered in the previous sections. The following sections will 
give first of all directions for the constiuction and assembly 
of such tubes. The maximum efficiency of the tubes will be 
attained only when each component is developed to suit its 
own particular purpose. 

1. Component Parts. The component parts of the tube for 
low voltage use consist of the cathode, the focusing element, 
the deflecting system and the glass tube with its fluorescent 
screen. 

(a) Cathode and Pre-focusing. The efficiency of the tube 
depends to a great extent on the efficiency of the built-in 
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cathode which, for reasons explained in the earlier sections, 
functions as a hot cathode for low voltage work. 

(i) Fundamentals of Electron Emission. Tlie emission of 
electrons from hot metals is analogous to the evaporation of 
a liquid: Forces acting on the electrons in tlie interior of the 
metal and at the surface restrain them from passing into the 
surrounding space. The work necessary to eject tlie electron 
from the metal to the surrounding space across the surface is 
called the work function, and corresponds to the latent heat of 
vaporization of a liquid. It is supplied by increasing the kinetic 
energy of the electron by raising the tem])erature. The relation 
between the number of electrons emittecl and the temperature, 
or between saturation current of the hot cathode and the 
temperature, is given by Richardson's equation 

/, q^ET ^ , ( 40 ) 

where is the effective cathode surface, E a universal constant 
deduced from theoretical considerations and having a value 
60-2 A./cm.2 deg.2, e = 4*77 X lO'^e.s.u. the elemental charge, 
K = 1*36 . 10 “^® erg./deg., the molecular gas constant, T abso¬ 
lute temperature, and 99 the work function in volts. 

The equation shows that the cathode stream is very small 
at low temperatures, increases considerably from a certain 
temperature upwards, and finally obeys an exponential law 
almost exactly. The efFe(;t of temperature in gas-filled tubes is 
of great importance, since the initial (concentration and main 
gas-focusing start with a certain emission. Further, the 
Richardson equation shows that for a constant temperature 
the smaller the work function the greater the emission current. 
The work function is a constant of the material itself. Experi¬ 
ments have proved that E is not a constant but is dej)endent 
within wide limits on 99 , and therefore on the material of the 
cathode. This result shows what a fundamental influence the 
choice of suitable material for the cathode has on the efficiency 
of the tube. The electrons near the hot cathode are conducted 
away through the influence of the field due to the potential 
difference between the cathode and the accelerating electrode. 
The greater the anode voltage and the penetrance of the anode 
on the emitting cathode surface, the more closely will the 
electron stream approximate to a saturation current from 
the cathode. 

(ii) Requirements of a Hot Cathode. The requirements of tho 
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hot cathode of a cathode-ray tube differ from those of an 
amplifying valve owing to the special purpose for which such 
tubes are designed. It is important not only to increase the 
total emission as much as possible, as in the case of the ampli¬ 
fying valve, but even more so to ensure that the density of 
the electron stream is as great as possible. The diameter of 
the beam, and therefore of the cathode, should be as small 
as possible. A high-specific emission is essential because the 
sharpness and brilliancy of the spot on the fluorescence screen, 
and therefore the efficiency of the tube, are determined by the 
initial cross-section and magnitude of the beam. According to 
the Richardson equation, a high-specific emission cannot be 
obtained V)y merely increasing the temperature as desired. The 
equation shows that emission depends not only on temperature 
but on the value of E. Theoretically the desired emission can 
be obtained by a (corresponding increase in temperature when 
E falls below a certain minimum, but the overloading of the 
cathode which icsults reduces its life considerably, or else the 
cathode burns out l)efore the desired emission is reached. For 
instance, it is scarcely possible with gas-focusing to get the 
necessary s})ecific emission with a useful life from a pure 
tungsten filament. Even if the necessary specific emission 
could be obtained by increasing the temperature without 
burning out the cathode, this method of control would be 
disadvantageous. The high heating currents required would 
neccessitate leading-in wires which would be diffiult to seal 
to the glass. Again, the magnetic field near the cathode 
would become so strong that disturbances would occur with 
the use of alternating current even if special cathode construc¬ 
tion—to which i*eference will be made later—were adopted. 
In addition, the use of a high-catliode temperature is extremely 
undesirable, because as a soiu’ce of light it would illuminate 
the screen. The illumination of the screen by the cathode can 
only be eliminated by means of various additional, and to some 
extent troublesome, modifications in construction, which all 
use one principle—that of making the cathode invisible when 
viewed from the screen. In order that the electrons may pass 
the light trap in the circuit, additional electrostatic or magnetic 
fields must be created. 

To secure high specific emission, wliich to a large extent 
helps to determine the efficiency of the gas-filled as well as the 
high-vacuum type, the zone of the cathode which contributes 

8—(T.36) 
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to the source of rays should be made of regular emissivity. 
With the reduced gas pressure type, and even more so with 
the high-vacuum type, it is possible to secure an enlarged 
electron image of the cathode visible on the screen. To do this 
it is only necessary to make the voltages of the lens electrodes 
slightly different from those used for normal operation, where 
the electron-optical system is so adjusted that the enlargement 
obtained is a minimum. By electron-microscopic observation. 


.A 



Fig. 98. Oxide Cathode about 0*3 mm. Diameteb 

At tlu‘ bosiuninp of the formiiij? process (/c/t); after tiu* process has been m 
oiK'iation (ru/ht) 


not only the forming process during pumping but also the 
changes in distribution of emission of the cathode tubes can be 
followed, and can be examined as the number of hours of 
working increase. Local disturbances, due to ionic bombard¬ 
ment, or disintegration of the oxide during extended periods 
of operation and high sj)ecific loading, can be observed. Two 
illustrations whicli show the start and later on the progress in 
forming a catliode of small cross-section for a reduced gas 
pressure tube are reproduced in Fig. 98. Fig. 99 illustrates 
a similar cathode in which the oxide is placed in a fine round 
hole in a nickel carrier. The crystal structure of the nickel 
is also very clearly shown in the j)hotograph. For more 
extensive cathode examination it is advisable to use special 
electron-optical systems, known as electron microscopes, 
which were described some years ago. 

In constructions in which the cathode is formed as an image 
on the screen directly, the examination of the emission distribu¬ 
tion over the cathode is of particular interest, as this determines 
the brightness of the fluorescent spot. In gas-filled tubes the 
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electron-optical image is often considerably disturbed by stria- 
tion and diffusion of the electrons. If the distribution of 
emission in gas-filled tubes is to be investigated by electron- 
optical means, the cathode should only be slightly heated so 
that no gas-focusing occurs, even at the strongest emissive 
centre. 

The life of the hot cathode depends in the case of the 
vacuum tube only on the 
specific loading. In gas-filled 
cathode-ray tubes it is also 
influenced by the following 
facts. The ] ions moving to¬ 
wards the cathode under the 
influence of the anode field 
rapidly destroy the film of 
oxide on the cathode by ionic 
bombardment, unless special 
electrostatic or mechanical ad¬ 
justments have been made to 
deflect these ions away from 
tlie filament. The destructive 
effect on the + ions depends on 
their kinetic energy, and there¬ 
fore on the applied voltage. 

From experimental evidence 
gas-filling appears to influence the cathode evaporation, which 
is greater with gases of high than with those of low atomic 
weight. The microphotographs of Fig. 100 give an impression 
of the intense mechanical disturbances caused by ionic bom¬ 
bardment. On the left ean be seen a fresh cathode in which 
the oxide is placed in a drilled hole, the depth of which is 
about equal to its diameter. This is the same cathode 
which is reproduced by the electron microscope above to 
demonstrate its progressive formation. On the right of the 
photograph is seen the appearance of an old cathode w hich has 
been burning several hundred hours. The oxide, as well as the 
indirectly heated carrier, have been considerably pitted. By 
considering this and similar microphotographs, it is obvious 
that the life of the gas-filled type depends to a great extent 
on the effective reserve of oxide and its consistency. For a 
given cathode, the life will be greater the less the gas pressure, 
the weaker the ray current and accelerating field in front of the 



Fic Electron Tma(,e of an 
Inuirectlv Hi^ated Hole 

C\THODE ON A KiCKEL C\RIIIER 
ation about loit\ tnnos 
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cathode, and the smaller the impact factor of the oxide for the 
ions formed. The reduction of the pressure necessary for 
gas-focusing to the order of one-tenth, due to improvement in 
focusing by electron-optical means, has resulted in an increase 
in life of the tube by about 10 times compared with the 
older types. 

(iii) Production of the Hot Cathode. The production of the hot 
cathode for gas-filled tubes must be carried out with the fore- 



Fig. 100. Mtckophotogtiaph or a {hfl) Cathodt: and One of 

AN Old Gas-filled Tube which has Blhnld Sr veral Hundred 
Hoiks {rufhi) 


going considerations in mind—high specific* emission, small 
emissive surface and low work function of tlie material in 
question. Selection of the three fundamental components of 
the hot cathode—the supports, active mass of oxide, and 
medium for holding the oxide in suspension—must be similarly 
considered. 

Rather varied considerations determine the choice of the 
oxide carrier, according to whether a simple wire cathode, 
which nowadays would probably only be made in the labora¬ 
tory occasionally, or a more massive indirectly heated cathode 
is to be used. Chrome-nickel, platinum, iridium, and platinum- 
iridium are suitable materials for the core of the wire cathode, 
while metals of still higher melting point such as tungsten are 
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less useful. The substances mentioned are malleable in the 
form of wire, show no signs of serious brittleness even when 
bent, and remain sufficiently rigid in a heated condition. 
Nickel and nickel alloys are used almost exclusively for carriers 
for indirectly-heated cathodes. In principle only vacuum- 
furnaced carrier material should be used, in order to keep the 
gas occlusion of the cathode as small as possible and to shorten 
the pumping schedule. Lastly, an emission of gas from the 
carrier substance will affect the emissivity of the oxide and 
reduce the life. 

The selection of suitable oxide material is of vital importance 
to the efficiency of the cathode. Two principal methods of 
production are in use—the coating or pasting process, and the 
fusion process. The first is the older, though even to-day it is 
the most suitable for cathode-ray tubes and is the one most 
generalty used. Carbonates, hydrates, nitrates, hydroxides, 
peroxides, and oxides are mainly used as bases. The oxides 
have the disadvantage of being less stable in air, and after a 
comparatively short time are finally converted into hydroxides 
or carbonates. 

The compounds, as finely divided as possible, are mixed with 
paraffin oil, melted paraffin, or resin into a paste. This is 
preferably carried out in a ball mill or mortar. The paste should 
be ground in the mill from 24 to 48 hours in order to make 
the particles as small as possible. The paste is then allowed 
to stand for some time for the heavy particles to settle, and 
only the u})per layer is used in the production of the oxide 
cathode. The paste is applied to the core wire, the surface of 
which has been cleaned by heat and chemical treatment. The 
next process is to drive off’ the paraffin oil by evaporation, by 
heating the wire slightly in an oven or passing an electric 
current through it (1100'-500° C.). Then, by heating to a red 
glow (about 1 000° C.), the substance on the core becomes 
firmly fused together and at the same time is converted to an 
oxide, or in the presence of COg. a carbonate. This process is 
repeated until the fihn of oxide is sufficiently thick and the core 
wire completely coated. 

The second process consists in using substances soluble in 
water, i.e. nitrate or hydroxide. Difficulty arises chiefly when 
the oxide carrier has traces of impurities on its surface or has an 
irregular surface, in which case it does not receive an even 
coating. The first application results in a very thin film so 
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that the paste must be applied repeatedly in thin coatings 
before the filament lias a sufficiently thick covering. Instead 
of dissolving the nitrates, the wire can be immersed in the 
fused nitrates or the glowing wire can be touched with a nitrate 
crystal. Generally, it appears preferable to immerse the nitrate 
or hydroxide in paraffin oil. This is technically termed the 
fusion process. Alcoholic solutions of the oxides are also used. 

With hot cathodes for gas-filled (*athode-ray tubes, care must 
generally be taken that only the ajiex facing the anode or a 
nearly circular surface with a diametei* genei'ally less than 
0*5 mm., or a boring of similar size is covered or filled with 
oxide, as otherwise an undesirably large ray cross-section or 
deformation of the ray will occur. For gas-filled tubes, there¬ 
fore, water pastes are more suitable than oil pastes, as the 
latter tend to cover the entire surface of the oxide carrier 
immediately, even when only small quantities are applied. In 
contrast to this, in high-vacuum tubes a greater surface of the 
oxide carrier is almost always evenly covered with oxide, for 
instance, by spraying; and later by arrangement, formation 
and bias of the brightness control grid it is ensured that only 
a relatively small zone of the oxide covered takes part in the 
emission. By this process, it is possible to secure very evenly 
emitting surfaces in high-vacuum tubes. Even in high-vacuum 
tubes a certain reserve of oxide is necessar}/. 'I'he thickness of 
the oxide layer on the carrier must not therefore be too small. 
Too thick a layer is undesirable as difficulties of Ibrming and 
de-gassing result. 

After applying the active material and fitting the cathode 
in the tube, the residual gas in the oxide mass and in the support 
wires must be removed by heating. l"he cathode is consequently 
heated slowly while the tube is on the pump, up to a tempera¬ 
ture of about 1 050^ C. It is advisable to control the tempera¬ 
ture by pyrometers, and care should be taken to observe the 
actual filament temperature at the point at which the emission 
will eventually take place. Heating should be continued until 
the vacuum gauge indicates a pressure which is certainly not 
greater than 10“® mm. Hg., and is maintained when the pump 
has been disconnected for some time. The actual activation 
of the cathode—so-called “forming”—takes place immediately 
after the heating process. 

A voltage having an initial value of 30 -500V according to the 
value of D, is applied between the first accelerating electrode 
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and the cathode at the operating temperature of the cathode 
(850° C. for paste cathodes), the Wehnelt cylinder being either 
out of circuit or connected to the cathode. This voltage is 
raised slowly to a final value of 200-3 000 volts according to 
the type of tube, the gases set free during the forming process 
being pumped off simultaneously. 

It will be observed during this operation that the emission 
rises slowly to an appropriate maximum for each voltage which 
must be periodically adjusted. Only then must the voltage 
be further increased, i.e. when this emission value is reached. 
It is of the greatest importance to see that a glow discharge, 
which may result from high forming voltages and the liberation 
of large amounts of gas, does not pass into the tube during 
the forming process, as this would result in the immediate 
destruction of the oxide mass. Forming is completed w^hen 
the specific emission reaches 1 mA./mm.^ of the effective cathode 
surface. 

At the same time as the oxide is gradually consumed as a 
result of the high specific load at the point of emission, a slight 
trace of oxygen can be observed. It is advisable, therefore, 
as in the case of valves, to use getters such as barium or 
magnesium in cathode-ray tubes, since they remain chemically 
active in spite of the oxygen. 

The release of hydrogen is sometimes observed, and is best 
counteracted by extending the furnacing treatment and the 
pumping period. 

Further details of activating substances and methods are 
to be found in Haudbvch der Experimentalphysik\ Vol. 13, 2, 
in the section “ Production of Hot Electrodes" (Simon, H.). 

(iv) Consiruciion oj Cathode and Prefocusing Electrode Assembly, 
Numerous ideas for dimensions, shape and geometrical arrange¬ 
ment of the cathode in the electrode system have been published 
and are more or less useful according to the purpose to which 
the cathode is to be applied, the method of operating it and 
material available for construction. Types of cathode con¬ 
struction fall into two groups—those wliich can only be heated 
by direct current (usually from an accumulator) and those 
which permit of heating by alternating current without causing 
a disturbance of the rays by the magnetic field surrounding 
the cathode. All cathodes developed for heating by a.c. supply 
are not ideally suitable for heating from d.c., since the high 
consumption—not material where direct supply mains are 
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available—is an important consideration if the supply is taken 
from a battery, since it is particularly desirable that the 
operating voltage shall be constant over long periods. 

It is only recently that the a.c. cathode has been brought 
to such a state of perfection that it can be operated without 
causing other disturbances, and only consumes a small power 
(< 2 watts). These cathodes soon became general, and are 
employed with very little variation in 
all modern forms of tube construction. 

Nevertheless, we will not in this 
section omit a description of the older 
forms of cathode which are no longer 
used, as the older types particularly 
are more easily built up for simple 
laboratory experiments than the 
improved and more recent forms. 

(v) Direct Current Cathodes. The 
most obvious form of construction 
similar to that of the amplifying valve, 
is the simple straight filament which is 
drawn out at right angles to the axis of 
the tube and fixed at both ends. Such 
a cathode is shown in Fig. 101 inside a Wehnelt cylinder. The 
filament must be made very short in order to obtain fairly sharp 
fluorescent images. In consequence, the filament current has to 
be considerably increased on account of the cooling at the sup¬ 
port. If the filament is short enough, only the central portion 
attains the temperature ne(*essary for emission, since heat is con¬ 
ducted away at its extremities. It is an advantage for the form¬ 
ing process to be carried out in such a way that only the centre 
of the filament is activated. This type of hot cathode is not 
particularly suitable for sharp fluorescent spots, but it used to 
be an important one if the production of line images such as 
occur with sound-film tubes were required. A type of cathode 
suitable for point images is that shown diagrammatically in 
Fig. 102, the so-called Wehnelt cathode. The filament is replaced 
by a band about 2 mm. wide, in the centre of which a small 
indentation about 0.5 mm. dia. for holding the mass of oxide 
is made by means of a centre punch. A source of emission 
approximating to a point is obtained without difficulty when 
the cathode is formed in the shape of a hairpin (Fig. 103). 
During the process of activation care must be taken to see 



Fig. 101. Old Tyi*k of 
Cathode Filament for 
Pkoducino Link Imaged 
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that only the top of the hairpin which faces the anode becomes 
coated with oxide. Fig. 104 shows a combination of the 
hairpin and small cup-shaped cathodes. 

In the case of various d.c. or a.c. cathodes discussed in this 
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chapter, tlie oxide is applied to more or less definite points. 
These “point’’ cathodes which were employed almost exclu¬ 
sively in the older gas-filled tubes, possess the advantage that 
the -f- ions produced do not, in consequence of their inertia, 
follow the sharp bends in the lines of force of the field near 



Fio 104. Cathode with Oxide Cup on Platinum Sirip as a 
Prolihc SoiTRCT OF EMISSION (0 Preshler) 

the point, but fly past it. The oxide impact factor is relatively 
low with point cathodes, so that even at higher gas pressures 
satisfactory life can be obtained If the oxide of a point 
cathode is carried by a wire, the wire should be sufficiently 
strong as otherwise there is a danger that it may become 
reduced in strength by evaporation and burning through, 
before the consumption of the emissive oxide layer has 
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proceeded too far. For gas-filled tubes without an accelerating 
lens the configuration of the field near the point is an advantage 
also with regard to the focusing effect. In gas-filled tubes of 
modern construction as well as for all high-vacuum tubes where 
the cathode surface is formed as an image on the screen, 
the point catliode is disadvantageous from an electron- 
optical point of view, and is best replaced by 
H m Shape of equipotential surface cathode. In high- 
11 i cafhode vacuum systems where the smallest possible 
ray section does not coincide with that at the 
/ \ Anode cathode surface, point cathodes, sometimes 
/ surrounded by a small Wehnelt cylinder simi- 

lar to Fig. io3, are sometimes used as an 
fl ilB 1 electron source. An equipotential surface 

I B 1 y catliode which suffices for simple experiments 

Cahhode improvised by welding a small nickel 

Fio. 105. Old plate on the filament (Fig. 105). In this way 

TEOTrATcATHoiw equipotential catliode is obtained since 
{\y. KmU) the small plate is heated by the hot filament, 
so that there is practically no voltage drop 
across it. This cathode, according to Ende,<^^^ is only suit¬ 
able for the jiroduction of filament rays when a specially 
shaped aperture is fitted which, according to Briiche, also 
focuses the electrons by reflecting them from negative charges 
on the walls. 


Cahhode 

Fio. 105. Old 
F oiiM OF Eqcifo- 
TJ5NTTAL CATHODE 

(H'. KmU) 


At the same time the hat-shaped anode provides a mechan¬ 
ical protection of the hot cathode against approaching ions. 
The principle of mechanical protection against electron 
concentration was first applied in a small tube arrangement 
produced by van der and Johnson,but an ordinary 


aperture was arranged between the cathode and the small 
tube. This electrode system for cathode-ray tubes was taken 
from the principle applied by Lilienfeld^^^^ for hot cathode Ront- 
gen tubes. According to this principle the anode field does 
not penetrate to the surface of the cathode, but only to the 
cloud of electrons which surround the hot wire cathode, the 


latter serving solely as the source of electrons. The electrode 
system used by »lohnson is shown in Fig. 106. Naturally the 
diameter of the circular cathode is greater than that of the hole, 
so that the anode potential is effective only on that part of the 
space charge which is inside the cathode ring. Gas ions which 
penetrate the aperture in spite of the mechanical protection do 
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not hit the activated oxide on the inner side of the ring, but go 
right through the cathode ring. The given oxide impact 
factor for the ions can, according to the observed average life, 
be hardly smaller for these arrangements than for the simpler 





Fi(3. 106. Electrode Arranoemetstt for Kedi cino Ion Impact 
ON THE Cathode {Johnson) 

one with point cathode and Wehnelt cylinder. The electrode 
arrangement of Sommerfeld^^^^ is shown in Fig. 107, and 
operates in the same way as the Lilienfeld contrivance. 

The small protecting tube at anode potential is conical 
shaped in accordance witli the ideas of Rogowski^^^ and Grosser, 


VCL 



Fig. 107. Electrode Arrangement (Sonimerfeld) 


and projects into the anode side of the cylindrical extension 
of the cathode window, so that by this means an additional 
electrostatic focusing of the electron stream can be secured. 

(vi) A,C, Cathodes. Heating of the cathode by direct current 
has various drawbacks. With battery operation, recourse must 
be made to adjustment of the resistance in series as the battery 
runs down, since this is practically the only method of control. 
After the battery has been almost completely discharged and 
the heater current switched off, damage may be done to the 
filament when the battery is switched on again unless in the 
meantime the rheostat has been adjusted, since the battery 
recovers in the interim and its terminal voltage is higher than 
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when disconnected. The cathode may also be damaged by 
underrunning, which will take place to a slight extent as the 
battery discharges. Under these conditions, the cathode voltage 
drop becomes greater and ionic bombardment increases, 
causing rapid disintegration. The charging and servicing of bat¬ 
teries for d.c. heating arc also troublesome. D.c. operation 
makes it difficult to meet the requirement of controlling the 
whole oscillograph set simply and effectively by means of a 
single switch. Not the least disadvantage is the fact that the 
batteries or other source of cathode current are almost always 
at a high potential corresponding to the full anode voltage. 
Frequently difficulties of mounting and unavoidable leakage 
occur, so that elaborate precautions become necessary particu¬ 
larly with installations operated under other than laboratory 
conditions. Tlie difficulties described do not occur with a.c. 
operation or at any rate do so to only a very small extent. As 
distinct from the well-known conditions wliich occur with 
amplifying valves, it was not essential for the cathode of the 
old gas-filled tube to be an equipotential surface. The control 
voltages of the tube of the old gas-filled type are high, and 
the drop at the cathode is very small in almost all forms of 
(jonstruction, so that the latter factor can be ignored. In 
addition, since the effective length of the cathode is nearly 
always small compared with its total length, there is, in most 
cases only a fraction of the total voltage at the actual point of 
emission. Actually, therefore, the equipotential cathode is the 
one in most general use. The real problem of the a.c. cathode 
for these systems lies in the production of types in which the 
heating current produces no magnetic field in the path of 
the ray. In a number of cathode construcjtions, the problem 
has been solved and the most important of these are discussed 
below. 

The disturbing effect of the magnetic field due to the heater 
current increases with the current, and is greater for lower 
electron velocities or anode voltages. In tubes developed 
primarily for use with low anode voltages, only cathodes in 
which the heating current is low (approximately 1 ampere or 
less) would seem suitable for a.c. operation, since the stray 
fields due to the heating conductors cause appreciable ray 
deflection. Cathodes with higher values of heating current can 
only be used when the field created by the heated conductor 
is neutralized by criss-crossing the wires. 
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A type of directly-heated cathode which has proved particu¬ 
larly effective in practice is the one with a compensated 
magnetic field, devised by H. von Hartel/^^^ 

Various suggestions for forming the cathode are given in 
Fig. 108. One construction of practical use is that in which 
the filament is looped into the shape of a figure eight, open at 
the lower end. All cathodes are constructed so that the field 
due to the more remote current paths neutralizes the magnetic 
field in the region of the point of emission. In practice it is 
important to ensure that an a.c. field of the smallest possible 



Fig. 108. Ol.d Fohm of Wirk Cathode ioh A.C. or D.C. Heating. 

Neutralization of 'phe Magnetic Field Due to the Filament 

{II. von Haiti 1) 

magnitude exists at or near the point where the electrons have 
their lowest velocity, in the region of lowest potential. Where 
a Wehnelt cylinder is used the region of lowest potential is 
near the opening to the interior oi‘ the cylinder. 

Fig. 109 shows the construction of a looped cathode of an 
old type in which the Wehnelt cylinder is split open for the 
purpose of illustration. The optimum dimensions once ascer¬ 
tained can be reproduced consistently with suitable methods 
of production, and the control voltages applied from time to 
time have so little influence on the compensation conditions 
that it is not generally necessary to correct errors of compensa¬ 
tion by special leads for the heating conductors outside the 
tube. The cathode of the type shown in the photograph uses 
no more current, on account of direct heating, than the wire 
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cathode previously described and this can, of course, be done 
by d.c. without any special devices. 

The simple loop cathode has the disadvantage that the 
emissive point can easily assume larger dimensions than are 

desirable when the oxide is applied. 
^ The type sliown in Fig. 110, to the 
loop of whicli a short piece of 
wire is welded, has much greater 
advantages in this respect. The 
piece of wire carries the oxide and 
I is heated by conduction from the 
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loop. A suitable emissive surface of small dimensions is obtained 
from a filament the substance of which is one whicli is quickly 
de-activated (e.g. tungsten), and where the welded point consists 
of a suitable carrier material such as platinum. The difference 
in the sharpness of the spot with the normal loop cathode and 
the point cathode is shown in Fig. Ill («) and (6). The sharper 
tracing on the left was obtained from a point cathode, while 
the one on the right, which is more blurred, was made by a well¬ 
shaped loop cathode. One disadvantage of the point cathode of 
Fig. 110 is that the heating wire is easily weakened by welding, 
and is apt to burn out at this point later. Another disadvantage 
is that a low temperature exists at the point of the wire where 
the emission is required in consequence of the fall in tempera¬ 
ture which occurs along the wire. It is quite possible, there¬ 
fore, for that part of the wire farthest from the anode to emit 
more profusely than the portion facing the anode, so that 
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the sharpness of the spot again suffers. These disadvantages 
are avoided in the more recent type of point cathode shown 
diagrammatically in Fig. 112. This is a combination of the 


( / 


(«) ( 6 ) 

Fia. 111. Influence of the Initial Focusing on the Diameter of 

THE Ray 

(a) Point or modorn loop cathodo 

(b) Old torm ol loop cathodo 

loop and hairpin cathode. In this case, the point is the position 
of maximum temperature. 

The point cathode mentioned above repre¬ 
sents the first step in the transition to tlie 
group of so-called indirectly heated cathodes. 

In cathodes of this type, as distinct from the 
directly heated cathode, the emissive point 
is not right at the surface of the heating 
wire. The type of indirectly heated cathode, 
devised by B. Dohring^^®^ and shown in Fig. 

113, shows a certain resemblance to tlie 
point cathode of Fig. 110. Inside a nickel 
cylinder which forms the conductor for the 
heat developed by the current is the heater 
spiral, which serves as the second conductor. Fig. 112. Recent 
The oxide mass is on the end of a short wire ^ 
which is welded on the axis and at the top 
of the cylinder. A similar construction as an indirectly 
heated point cathode was used under certain conditions for 
the older form of gas-filled tube. 
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Quite different suggestions have been made by Chaffee^^’^ 
for a type of cathode which was modified later by Schroter^®®^ 
and Dobke^^®^ and known as the ‘'pot ” cathode. These cathodes 
are formed as “black bodies.” The oxide material is applied 

to the walls and bottom of a 
hollow cylinder, whilst electrons 
can make their exit through a 
Mc^e/ hole in the top. In this way the 
jDto opening in the cathode lid, 

I giving release to the internal 
' ^ space charge zone, is used for 
forming the electron-optical 

Fig. 113. Indirectly Heatej) image, and thus the develop- 
Catiiode (/?. Dohutui ) ment of an absolutely uniform 

ray is made possible, so that 
a circular bright spot is produced on the screen. This cathode 
is less endangered from ionic bombardment, as the ions which 
enter the hollow space in the cylinder can only reach the end 
facing the opening, and the emitting side walls remain undis¬ 
turbed. One can recognize here the Lilienfeld principle already 
used by Johnson. The great disadvantage of the pot type of 
cathode is the very small penetrance of the anode with respect 
to the cathode. 

It is therefore necessary to conne(*t an auxiliary electrode of 




Fig. 114. Indirectly Heated Cathode {F, Schrvter) 

high positive potential immediately in front of the pot cathode. 
Two types of pot cathodes are shown in Figs. 114 and 115. 
In Schroter’s construction the auxiliary anode is an integral 
part of the cathode assembly. In this case also the heating 
coil is insulated from the nickel cylinder used as the oxide 
carrier, whilst the exterior steatite cylinder serves as a heat 
insulator and carries the auxiliary anode. In Dobke’s arrange¬ 
ment (Fig. 115) the metallic wall of the pot cathode is used 
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as the return-conductor for the heating current, so that special 
supports and leads become necessary for the auxiliary anode. 
In this case, through lack of space, the Wehnelt cylinder can 
only be accommodated behind the auxiliary anode. In order 
to prevent complete retardation 
of the electrons, it is necessary 
to fit a second anode behind 
the Wehnelt cathode. The 
need for the auxiliary anode 
with hollow cathodes results in 
the electrons attaining a fairly 
high velocity before they reach 
the centre of a brightness con¬ 
trol electrode. As the velocity 
of the individual electrons 
varies considerably l)y reason 
of the irregularit}^ of the accel¬ 
erating field, a steep brightness 
control characteristic is scarcely attainable, at any rate with 
these simple liollow c‘athodes, so that cathodes of this form 
could not become of any importance for television tubes. The 
greatly enlarged photograph. Fig. JIG, shows a form of cathode 
with indirect heating of the oxide carrier, suitable for either 


Fig. 115. ELECTiioDJi Arkange- 
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Fig. 116. Photogrvph of a Modern Indirectly Heated Cathode 
Greatly Magnit if.d for Hu.h-vai i i m or Gas-filled Tubes 


a.c. or d.c. In this case heating is carried out by means of 
a tungsten spiral arranged inside a small insulating zir¬ 
conium oxide or quartz tube. The actual oxide carrier 
shown, which screens the zone of minimum potential in 
front of the cathode from the stray magnetic field of the 
heating circuit, and at the same time acts as the return con¬ 
ductor for the heating circuit, is drawn over the small insu¬ 
lating tube. As a rule the pole of the heating circuit connected 
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to the oxide carrier is indicated at the terminals of the 
cathode-ray tube, in order to ensure the connexion of the equi- 
potential surface to that pole of the supply mains which is 
at constant potential. The universal cathode described, which 
as a rule is designed for a voltage of 3-4 and a current of 
0*5 amperes, has a time for heating up which is no longer than 
that of the cathodes of modern indirectly-heated valves used 
for broadcasting. In gas-filled tubes having this form of cathode 
and an accelerating electrode, the oxide is generally fixed in a 
small boring of 0-2-0-5 mm. diameter, this being in the centre 
of a plate-shaped end. Special care should be taken to see 
that no superfluous oxide is left attached to the hole when 
filling takes place, since otherwise a uniform ray will not be 
formed, or else disturbances will occur on the screen due to 
stray electrons. 

Extremely stable cathodes which are not easily burned 
out and which have a short pre-heating time, can be made by 
simple construction with solid heaters which should be kept 
as small as possible, or by designing the cathode supports so 
that the heat conducted away is a minimum. 

To obtain a tube witli good characteristics, a factor which 
is equally as important as the type of mounting and forming 
of the cathode, is that it should be so placed relatively to the 
system that the field influences the emitting surface to such 
an extent during operation that the sj)ecific load on the oxide 
is neither too large nor too small. If the a(;celerating field in 
front of the cathode is not strong enough, the influence of the 
space charge gives rise to very small ray currents and charac¬ 
teristics of low slope. In consequence oi the small current the 
amount of metal capable of emission formed subseciuently by 
electrolysis is very small. If tlie amount formed is smaller 
than that lost by evaporation, the cathode suffers deformation. 
On the other hand, the field strength near the c.athode must 
not be too strong, otherwise the supply of oxide available will 
be consumed too (luickly and the life will be perilously short. 
In designing the first acceleration system, therefore, while 
(considering purely electron-optical factors, the most satis¬ 
factory compromise between output and life should be adopted. 
When designing the field of the first accelerating electrode, a 
fundamental difference between vacuum and gas-filled tubes 
must be noted. In the gas-filled tube, where the high space 
charge which forms in front of the cathode is neutralized by 
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positive gas ions, a very much smaller potential drop in front 
of the cathode is sufficient to give rise to the necessary ray 
current than is required in the high-vacuum tube. The dis¬ 
tances between the accelerating electrodes and the cathode, 
therefore, are much greater for a gas-fiUed than for a vacuum 
tube, even when a positive voltage of equal value is applied 
to the first accelerating electrode. The extent of the potential 
drop in front of the cathode, and the configuration of the first 




Fig. 117, Ray Path fok Vahiois Positions of the Cathode in 
THE Wehneet Cylinder 


accelerating field, depend largely on the design and bias of the 
brightness control electrode. The most important points con- 
ceniing its design for operation in conjunction with the cathode 
in liigh-vacuum tubes have been discussed already in earlier 
chaj)ters. S]:)ecial points about the arrangement of the Wehnelt 
cylinder are discussed briefly below. In order to give the most 
efficient electron-oj)tical focusing, the Wehnelt cylinder must 
have a definite position which is suitably placed with respect 
to the cathode, and which is best found by experiment. Fig. 117 
illustrates the effect on the path of the ray of various posi¬ 
tions of the cathode in the Wehnelt cylinder in an old form of 
gas-filled tube. If the Wehnelt cylinder is incorrectly placed, 
a sharp spot on the fluorescent screen cannot be obtained even 
by increasing the focusing effect, which decreases the life. 

With dimensions of component parts and their distances 
between one another as may occur in practice, e.g. a distance 
of 10 mm. between the anode and the front edge of the 
cylinder, the vertical distance a between the source of electrons 
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and front boundary surface of the enclosing cylinder must 
not exceed half the internal diameter d of the cylinder. This 
relation a < which must be fulfilled in the older gas-filled 
types, ensures good control and sharpness of the screen spot and 
has also been recorded by others. 

This relation no longer applies to the more recent forms 
of gas-filled tube with accelerating lens and reduced gas pres¬ 
sure, where the first acjcelerating field is usually very much 
weaker and, on account of the surface oxide carrier, the 
penetrance of the anode is entirely different. Here, the 
point of emission is generally much nearei* the opening of 
the cylinder. 

In mentioning the Wehnelt cylinder in the previous para¬ 
graphs, particularly in connexion with systems for gas-filled 
tubes, it was not intended to refer to the cylindrical electrode 
type exclusively. In this connexion the cup-shaped electrode 
of Fig. 102 and the shape of the brightness control electrode in 
high-vacuum tubes should be borne in mind. In exceptional 
cases, especially for projecting line-shaped emitting surfaces, 
focusing electrodes which are not axially symmetrical are also 
used; for example, electrodes with rectangular cross-section, 
equipotential plates facing one another, electrode arrangements 
with elliptical section, strip-sliaped apertures, etc., Ixave been 
used or tried out. In other cases, focusing electrodes similar 
to parabolic mirrors have been suggested, the filament being 
placed at the optical focus. These non-axially symmetrical 
arrangements have one common feature—they are orientated on 
an axis parallel to the hot cathode. With gas-filled tubes where 
efficient brightness control by means of a Wehnelt cylinder 
is required it is advisable to use a jig or optical means of centring 
to see that the point source of electrons lies exactly at the 
centre of the Wehnelt cylinder and on the axis of the rest of the 
system. In high-vacuum tubes, faulty centring, particularly 
of the brightness control electrode, does not necessarily lead to 
changes in position of the brightness control, but it does cer¬ 
tainly give rise to errors in forming the spot image. On account 
of the constructional arrangement also, in high-vacuum tubes, 
care should be taken to see that a symmetrical arrangement is 
maintained over the whole ray-producing system by using, for 
example, distance pieces. The parts of the system must be 
mounted and insulated in such a way that their adjustment is 
never disturbed, even at a later period when they are heated 
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(cathode heating, ageing, etc.). Furthermore, it should be 
ensured that magnetization of points in the system or strong 
external magnetic fields do not cause a disturbance of the 
axial symmetry of the system which is the source of the rays. 

The most satisfactory dimensions found from the points 
discussed, with the experimental work of various tube manu¬ 
facturers as a basis, are obtainable from the various diagrams 
given in this book, which as far as possible have been kept 
to scale, and also from the photographs of the electrode 
arrangements. 

(b) Arrangement of the Electrodes. There are numerous 
methods of arranging the electrodes which give rise to the rays, 
focus and deflect them; and also a wide choice for the selection 
of the materials used for the electrodes, their construction and 
the methods of mounting them. 

(i) Materials, Su 2 )porfs (md Couitexions. Fundamentally only 
material which has been vacuum furnaced should be used 
for all types of electrodes, since this treatment enables the time 
of lieating for the removal of the residual gases to be reduced 
to a minimum. The materials generally used in their construc¬ 
tion are. nickel, chrome-nickel, aluminium, platinum and 
molybdenum. Nickel is chiefly used as the electrode material 
(in amplifying valves) since it can be easily v elded, is unaffected 
by higli temperature, and resists oxidation. 

For high-vacuum tubes it is advisable, in older to avoid the 
disturbances of centring referred to above, to use chrome-nickel 
as an electrode material, since it does not jiossess any residual 
magnetism. The use of non-magnetic material for construction 
is advisable in order to avoid distortion of the curve due to 
the effect of magnetic deflection on the deflecting plates which 
are not being used. Copper and aluminium, as well as more 
recent special alloys, are also used as other non-magnetic 
materials for construction. 

Circular or sejuare nickel vires form effective supports for 
the electrodes. If several electrodes independently supported 
are to remain insulated from each other, glass or mica is 
generally used. 

Resistance to high temperature necessitates quartz, porcelain 
or steatite. An important feature of every high-vacuum tube 
is the current lead through the glass, which must form an air¬ 
tight joint. For low currents, platinum or platinum covered 
wires are used, the support wires being fixed to them on the 
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vacuum side and on the outside copper braid or tombac* wires. 
For higher currents of 2 amperes and upwards the conductors 
and support wires are both attached to a continuous rod of 
large cross-section, which for use with ordinary glass is of 
chrome-iron and for special glass of molybdenum, so that the 
coefficients of expansion of glass and metal are the same. In 
order that the positions of the components may not alter at 
high temi)eratures and to ensure good conductivity of those 
parts which are electrically connected, the use of the tube must 
be borne in mind when the method of fixing is decided 
upon. Electrical spot-welding is the best method for combining 
extreme rigidity with low contact resistance. Unfortunately, 
it is not equally suitable for all metals, and those of high con¬ 
ductivity cannot be welded since the heat is rapidly conducted 
away from the contact. Neither can alloys be welded on account 
of their low melting point. Further, tlie welding together of 
various metals is not in all cases successful. It is often possible, 
however, in such cases to get over the difficulty by wielding 
a piece of a different metal between the two pieces to be 
connected together. In most cases, where spot welding is not 
possible, a firm joint (‘an, in experimental sets, be made by 
soldering, using hard solder, if mechanical or thermal conditions 
necessitate it. If soldering is to be done near the lead-in 
wires, soft solder or even Woods metal must be used. At places 
where the metal used is unsuitable for soldering, or where even 
the smallest temperature rise cannot l)e allowed, the only way 
is to clip or screw the vaiious com]K)nent parts together, "fhe 
method of clipping is not by any means an emergency measure 
only; it is often an exceedingly useful method of construction 
in cases where the wlicde electrode assembly lias to be connected 
to the glass or metal supports. 

(ii) Geometrical Arrangement. The electrodes wdiich serve as 
the source of the rays, which focus and deflect them, can in 
principle be connected together to a single support, the so-called 
single base fitting. A characteristic instance of this type 
is illustrated in Fig. 118 of the electrode assembly of the 
Western Electric tube. The great advantage of this arrange¬ 
ment is that the separate parts can be adjusted in position 
before placing in the bulb, by workers unaccustomed to glass 
blowing. When the assembly is made, it is only necessary to 
adjust the whole of it to coincide with the axis of the tube. 

* A copper-zinc alloy. 
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A disadvantage of the construction (Fig. 118) is that if repairs 
to the cathode are necessary, it is hardly worth while to carry 
them out, since not only must the foot be disconnected, 
but practically the whole electrode 
system must be taken to pieces. In 
addition, the employment of a single 
base is limited to use with low fre¬ 
quencies, since the whole assembly has 
a large capacitance. The connexion of 
part of the deflecting system to the 
anode is also a drawback of the single 
base tube, and is made in order to 
reduce the number of leading-in wires. 

The single base fitting is particularly 
suitable for tubes designed for a special 
purpose (for television receivers), and in 
such cases the construction of the tube 
and the auxiliary equipment can be 
designed from the start for the parti¬ 
cular end in view. The electrode system 
(of an old tube) showm in Fig. 119, 
developed and constructed by the 
author, is somewhat simpler than the 
Western Electric tube. The chief com¬ 
ponents are siqiported by a glass frame 
similar to that adopted in the older 
multiple type of tube. This tube can 
be operated up to S 000 volts. A sjiecial 
form of pinch and tube base makes it 
possible to work ^vith such high anode 
voltages in spite of the single base 
fitting. 

In connexion with the electrode 
system, it should be noted that the 

glass frame is not let into the end of the glass foot, but at 
some distance from it. The leading-in wires which are at or 
near cathode potential are arranged on the inside of the glass 
frame, and those which are at or near anode potential are 
fitted outside the glass frame. The increased separation of the 
electrode assemblies which results enables the tube shown to 
be operated at several thousand volts. 

Fig. 120 illustrates the construction of the system for a 
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modern high-vacuum tube developed with a single base fitting. 
The arrangement is produced in tubes for television as well as 
for measuring purposes, with two and four deflection plates. 
The deflecting plates are led out separately through the base 
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so that a symmetrical deflecting voltage may be applied. Here, 
also, the \arious electrodes are sup]K)rted !)y a glass frame. 
By suita])le grouping of the leading wiies in the pinch, it has 
been possible to increase the distances between the leads so 
that the tube can be operated safely at anode voltage of 4 000- 
5 000 in sj)ite of the single base fitting. The capjnng is arranged 
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as shown in Fig. 121, so that the pins at or near cathode 
potential and those at or near anode potential are well 
separated 

The single base (*onstruction makes the problem of (*on- 
structing larger sizes much easier, it enables greater precision 
of working to be (*arried out by the assistance of tools, jigs, 
and moulds. 

The main disadvantage of the single base construction, 
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compared with tubes having the deflecting plates brought out 
at the side, even when well designed, is the greater capacitance 
between the sets of deflecting plates, which may amount to 
5 fjLfjiF. The coupling of the two pairs of plates at a given 
deflection frequently produces disturbances when sources of 
high internal resistance are applied simultaneously to the 
ordinate and abscissa plates. Consequently, the single base 
fitting is used primarily in tubes designed for television and 
constructed specially for low-frequency measimement. The con¬ 
struction of the electrode assembly will become clearer when 


Anode 



Fkj. 121. The Variols Connexions of a Modern Electron-ray 

Tl BE AND AN ExAMRLE OF THE CaPPIN(, 


the electrode system j)ru(luciiig the deflection is separated from 
the system where the rays originate. In the low-voltage tube, 
Fig. 122, manufactured by the A.E.C^.. the deflecting system 
and origin of tlie rays are separated both electri(‘ally and 
spatially, altliough the former is still connected by a glass ring. 

Although the deflecting system forms a single unit, each 
plate is led out separately to avoid capacitance effects. For 
anode voltages over 5 000 it is necessary to take the anode 
lead-in wire and the leads to the deflection plates out of the 
base, and fix the anode and plates to special supports which at 
the same time serve as leading-in wires. This form of electrode 
arrangement is used in the larger sizes of tubes, for very high 
tracing speeds. The leading out of the electrodes at the side, as 
distinct from the single base type, necessitates the employ¬ 
ment of skilled glass blowers. 

Fig. 123 shows an electrode arrangement which has no plate 
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deflecting system and is therefore suitable for magnetic deflec¬ 
tion. A peculiarity of this model, which was early developed by 
Zworykin as a high-vacuum system for television, is the method 



Fio. 122. Constriction of the A E.G. Ti be 

of supporting part of the electrode system by the small bell¬ 
shaped attachment round the glass neck, and further the 
metallic covering on the inner wall of the bulb uhich can be 
formed by silvering or by using a mesh arrangement tor delayed 
acceleration. A discussion on the dimensions of the deflecting 
plates can be found in the section dealing with electrostatic 
control. The constructional limits to the length ot the deflecting 



Fig. 12.S. Elf:ctrode Constrcc fion of an Old T\ pk of Hi(j.h-va(’I7UM 
Tube {Zu on/hn) 


plates have been discussed in this section, and in the one relating 
to the time of passage of the electrons, when working with very 
high frequencies. The distance between the deflecting plates 
which should be kept small to ensure greater sensitivity, cannot 
be reduced to any limit desired partly for electrical and partly 
for mechanical reasons. Finally, however, a large divergence 
of the ray causes it to come in contact with the plate at the 
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end nearest the screen. In order to restrict this effect, slanting 
plates have been used for tubes with large screens. 

(c) Gas Pbessuee and Gas Filling. In high-vacuum tubes, 
brightness and contrast of the image or oscillogram figures 
depend on the extent it is possible to maintain a low pressure 
of 10~® to 10“’^ mm. Hg for long periods of operation. In 
genera], tlie principles which are generally used for the con¬ 
struction of high-vacuum amplifying valves should be followed 
here. Different conditions exist only in respect of the appear¬ 
ance of residual gas, due partly to the high accelerating 
voltages which attack the cathode very much more strongly. 
The high-vacuum technique of modern cathode-ray tubes is, 
therefore, not unlike that for the production of transmitting 
valves. The prevention of gas appearing in the manufacture 
of gas-filled tubes, and especially of the later types with reduced 
gas pressure, is just as important for the life and stabilization 
of the properties of the tube as for high-vacuum tubes, for 
uniform pressure and unaltered composition of the filling gas 
are conditions for stability of the characteristics of gas-filled 
electron tubes. 

The de-gassing process for a modern gas-filled tube is there¬ 
fore not greatly different from that of a high-vacuum tube. In 
spite of the i:)rominent position occupied by the high-vacuum 
tube to-day, the gas-filled type is of importance for measure¬ 
ments in the low-frequency range where one is compelled—in 
view of the available current sources, or high deflection sensi¬ 
tivities to be obtained—to work with low anode voltages; for 
at low accelerating voltages the unavoidable disturbances (e.g. 
velocity distribution due to tem])eraturo change) have a 
critical influence on the quality of the image. For modern 
tubes, therefore, gas-fillings which give good focusing and low 
electron diffusion at low anode voltages are to be preferred. 
Argon and sometimes helium is used for ordinary cathode-ray 
tubes. 

Helium and to a greater extent hydrogen exhibit very great 
losses by electron diffusion. They are to be recommended only 
for special problems where gas-focusing at anode voltages 
up to 6 000 is required. 

For very low anode voltages, the heavy rare gases are used 
(krypton and xenon), since they reduce greatly the electron 
loss by diffusion. 

At the same time it becomes evident that with these two 
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gases, the secondary illumination depicted in Figs. 27 and 29 
is reduced. With these heavy rare gases, however, the focusing 
anomaly already discussed above appears between the limits 
of high- and low-frequency. 

Simple experimental tubes are also often filled with mercury 
vapour, which has good focusing properties. Unfortunately, 
it is greatly affected by temperature and the point of lowest 
temperature in the tube determines the pressure. In order to 
maintain a certain pressure in the tube for operation it must 
be thermally insulated where necessary. 

If fillings with other gases besides those mentioned are to 
be considered, the essential requirement is that the gas must 
be chemically inactive wdth respect to the hot cathode. The 
adjustment of the maximum gas pressure in the tube is equally 
as important as the choice of gas. With the lighter gas- 
fillings (e.g. hydrogen oi* helium) the optimum pressure is of 
the order of ten times that required for the gases of high 
atomic weight. The optimum pressure of a tube operating with 
gas-focusing is to be understood as the lowest pressure at 
which, with normal cathode heating and anode voltage, there 
is a considerable excess of ions formed by tlie ray. The excess 
must be great enough for the gas-focusing effect to be main¬ 
tained even if the emissivity of the cathode falls, in the course 
of operation and dark control is exercised on 15-20 per 
cent of the normal ray stream. Whereas the optimum pres¬ 
sure for argon and the old electrode system with Wehnelt 
cylinder and one anode is about 5 X 10“^ mm. Hg, that for 
argon in more modern systems with accelerating lenses is 
nearly one-tenth of tliis value. It might be assumed that the 
system for producing rays giving small spots in high vacuum 
would operate with some gas, since the focusing effect occurs 
at very low pressures. This assumption is not correct. 
In fact, such electron-optical systems operate satisfactorily 
with very low gas pressure when no large section of rays 
exist anywhere between (*athode and screen in the high 
vacuum. This is the reason why the simple system with one 
accelerating lens discussed above gives particularly good 
results. Improvement of the ray-producing system, enabling 
the pressure to be reduced, results not only in an increase 
of life and stability, but a reduction in deflectional errors and 
an improvement in the sharpness of the spot; it produces 
also an increase in the brightness of the spot by reducing 
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electron diffusion in the gas section and a reduction of diffused 
light on the screen. 

The measurements in Fig. 124 provide a survey of the 
magnitude of the losses by electron diffusion in the gas with 
the older simple system. The measurements prove that the 
value of the effective ray current in these older gas-filled tubes 
was not much greater than the corresponding value in modern 
high-vacuum tubes. 

(d) The Fluorescent Screen. Whereas all the components 
of the tube hitherto described—cathode, focusing system 



Ray length 


Fia. 124. Kay Cukrent at the Screen in Relation to the Length 
OF THE Kay for a Gas Pressure Approfriate to Old 
Gas-filled Ti res 

and deflecting electrodes—serve to produce the means of tracing 
an oscillation, the actual tracing occurs on the screen. The 
performance of an oscillograph depends, therefore, on the screen, 
as well as on the components producing and controlling the rays. 
The function of the screen is to convert the kinetic energy of 
the mobile electrons into the greatest amount of luminous 
energy at all points of its surface on which the cathode rays 
fall. The physical properties of a fluorescent screen must be 
completely known before any idea of its suitability can be given. 

(i) Requirements of a Screen, The requirements of an efficient 
oscillograph screen are: the greatest possible luminous effi¬ 
ciency at that part of the spectrum wliich coincides with the 
peak sensitivity of the photographic film or plate; and, if 
possible, a gradation curve, the range of which is such that 
the screen is not excited by stray electrons of low velocity. 
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Further, absence of luminous halos is desirable, and many pur¬ 
poses require as little after-glow as possible. A fluorescent screen 
which meets the optical requirements specified does not neces¬ 
sarily fulfil the conditions required for operating a sealed-off 
cathode-ray tube. In fact the screen must be stable during the 
life of the tube, and there must be no appearance of breakdown 
or burning with ray energies which may be used. Particularly 
when high tracing speeds are employed the best-known screen 
materials show signs of breaking down and burning, especially 
when the ray is not deflected and its whole energy is concen¬ 
trated on to one small spot on the screen. The type of screen 
needed for high tracing speeds should also possess the charac¬ 
teristic of recovery after fatigue. Certain types of tubes require 
adequate electrical conductivity. All these requirements can 
be satisfied by using suitable manufacturing processes and 
materials for the screen. 

(ii) Scrmn Materiah. The intensity H at which the screen 
material becomes luminous when bombarded by electrons is 
calculated from the Lenard law 

H = rj .n{V — Vo) . . . (41) 

where is a constant* of the material, n the number of particles 
per sec. on 1 cm.‘^ of surface, V the applied anode voltage, and 
Vq the minimum exciting voltage of the fiuorescjent material. 

In view of the limited number of excitable centres of the 
material, this equation does not hold good for values above a 
certain brightness. Even at very low brightness values, the 
equation is only approximately true. The beam voltage Fq 
expresses the fact that most phosphorescent substances are not 
excited by electrons moving with less than a minimum velocity 
Fq. Fq does not depend only on the material since it can be 
increased by altering the nature of the embedding of each 
particle of the phosphorescent material in the binding sub¬ 
stance which is necessary for the manufacture of the screen. 
This is shown clearly by the gradation curves reproduced in 
this chapter of fluorescent screens with and without binders. 
The beam velocity with some phosphors corresponds to very 
low voltages, less than 50 volts. These phosphors are particu¬ 
larly suitable for use in low-voltage tubes, but less so in 
tubes where anode voltages of several thousand are used, and 

♦ How far this term can be considered constant is discussed more fully 
later on (Chapter IV). 
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where stray electrons have mean velocities higher than that 
corresponding to the minimum exciting threshold. 

In view of the dependence of practical recording instruments 
on spectral distribution—^whether it be the human eye or one 
or other of the photographic emulsions—the selection of 
materials must always be confined to those substances whose 
fluorescent light is a maximum in the range of the registering 
instrument. A large collection of details concerning fluorescence 
material for cathode-ray tubes has already been published. 

The author will confine his attention in this section to giving 
quantitative data of the peculiarities of the most important 
screen substances. . In particular, measurements of efficiency 
of illumination and distribution of spectral intensity will be 
given. The luminous efficiencies determined by a Pulfrich 
photometer are tabulated in Table I. The best result at 
relatively high basic screen loading is given by material No. 15, 

TABLE I 


Material 

No. 

Description 

Efficiency 
Hefner 
Candles per 
Watt 

1 

Old television screen, sepia, with after glow 

106 

2 

Leybold-Standard measuring screen, green-yellow 



(530 m/0» non-after-glowing . . . . 

3-50 

3 

Zinc cadmium sulphide, yellow .... 

1-6 

4 

Cuss. V.S. 34, matt-green ..... 

0-86 

5 

Zinc silicate (S. 101) green ..... 

0*86 

6 

Zinc silicate Cu, green ...... 

0-48 

7 

Manganese silicate red, very pronounced after-glow 



(sensitive to burning)...... 

015 

8 

A. No. 32, zinc silicate, yellow .... 

0*53 

9 

A. No. 36, zinc silicate, yellow 

0-28 

10 

Zinc sulphide, yellow ...... 

1-54 

11 

A. Ch. 40 H, zinc sulphide, green-yellow . 

3*30 

12 

Calcium tungstate, blue ..... 

0-23 

13 

Cadmium tungstate, yellow-blue .... 

0-70 

14 

Zinc sulphide, blue-green, with after-glow 

1-75 

15 

Ley bold measuring screen, yellow-green (550 m//), 



no after-glow, sensitive to burns .... 

4-5 

16 

Zinc sulphide yellow, pronounced after-glow 

215 

17 

Loronz-Leybold-Standard television screen, white. 



slight after-glow ...... 

3-5 


Efficiency factors measured from transparent screens 
(Vo = 4 000 volts measured at 0*06 watts/cm.*). 
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Fig. 125. Specteal Intensity Distribution of a Number of 
Fluorescent Materials 
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10‘^ Watt!cm^ 


which, however, is not suitable for all measuring purposes on 
account of its tendency to burn, and is in addition useless for 
television purposes on account of its spectral distribution curve 
which is unpleasant to the eye. The extremely instructive 
curves of spectral distribution obtained from the screens 
investigated for their efficiency in tt! ^ 

producing visual impressions are 100 %\ -^— 

given in relative values in Fig. 125. I y 

The distribution curve of material _l_\_ 

No. 17 is shown separately in Fig. \ 

126 for various degrees of screen 

loading. The outline recorded for ^ 

materials 1,16, and 17 is extremely TOO 600 5M 400^^ 

interesting. These substances have 10 ‘^Wattlcm^ 

two spectral bands which are ex- 
c-ited to a different degree according / \ 

to the varying intensity of the 50 _ I_L_ 

ray current. Measurements made \ 

on material 16 show that at a 

higher specific loading the peak is 7 ^ eoo m mm/x 

at about 480 m//., whilst for less 

intense loading the second band Watt/m. 

predominates, and tlie peak appears * )\ 

at about 540 m/y. \ 

Televised pictures on this fluor- ^0 —^-V- 

escent material have the peculi- ' ' 

arity that the dark sections are_ 

tinted brown and the liglit sections 7^^ ^ Wmjx 

of a whiter tint. The explanation Fio. 126. Spectral Intensity 
of this behaviour is given by the Distrtiu tion for Various 
measurement, .houn in Fig. ]37. 

The longer wave band is due to (Material No. 17 , r„ 4 ()()ovoits) 
phosphorescence and the shorter 

band to fluorescence. As the phosphorescence, as distinct from 
the fluorescence, exhibits definite saturation, the amplitude 
ratio of both bands, i.e. of the colour as well as the intensity, 
must change with the specific loading of the screen. In tele¬ 
vision reception, the specific loading is of the order of 10”"® 
to 10“^ watts/cm.® The behaviour of the screen under condi¬ 
tions of very feeble excitation is therefore the only one of any 
consequence. Here the luminous efficiency is much more 
favourable, as shown by the measurements in Fig. 127, than in 

10—(T.36) 


Watt/ 
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the table given above which was compiled from measurements 
made under conditions of higher specific loading. The highest 
efficiency consistent with the most favourable specjtral intensity 
distribution at loads of 10~^ watts/cm.^ was found to be given 
by material 17 of the table which, from G30-500m/^, supplies 
more than 90 per cent of the maximum intensity of radiation 
and appears pure white to the eye. The results of measurement 
given above show extraordinary differen(»es in the spectral 
intensity distribution of various materials. Whereas the highest 
possible photographic efficiency is required when used as an 



Fig. 127. Measurements to Explain the Relation of the Colol^k 
AND THE Efficiency of the Screen on the Specific Load with 
THE Fluorescent Materials of Type Nos. 1, 16, 17 


oscillograph, there is the additional (jondition that the coloiu* 
shall be pleasant to the eye when the (uithode-ray tube is used 
in a television receiver. Fundamentally, it would appear that 
those materials which have high luminous efficiency only in 
narrow spectral bands (see curves 5, 6, and 12; Fig. 125) are 
of no value for television. Calcium tungstate, in spite of its 
low visual efficiency, is still of value nowadays for photographic 
recording. Material No. 2 for most emulsions (e.g. Agfa- 
Isochrom plates) is about the same as calcium tungstate for 
photographic purposes, but is more suitable for general purposes 
on account of its high visual efficiency and short after-glow. 

The after-glow of the fluorescent screen is an extremely 
important factor, since it limits a number of possibilities 
of the cathode-ray tube such as its use in television transmitters, 
as a source of light whose intensity is controlled at high 
frequency, and the resolution of the oscillogram with mechanical 
time deflection. The way in which the screen is aflected by 



THE CATHODE^RAY TUBE 


133 


frequency, which is determined by the after-glow, can be found 
with the assistance of calibrated high-vacuum photo-electric 
cells and special valve measuring equipment, the intensity of 
the ray being modulated J 00 per cent at various frequencies. 

Measurement of the resisting light fluctuation which is 
synchronous with the modulation frequency, reveals a peculiar 
performance which is common to most luminous materials. 
Fig. 128 shows the results of measurements made on several 


% 



Fig. 128. Deokee of Modulation of the Sckeen Illumination for 
Various Materials with 100 per cent Modulation of the 
Ray Energy as a Funi’tion of the Frequency 


luminous materials which are either important in practice or 
are of special interest. For calcium tungstate (No. 12) the 
percentage fluctuation remains constant in the range of medium 
frequencies, and then decreases very rapidly as soon as the 
periodicity of the modulation approximates to the time of 
after-glow. 

Strange as it may seem, the degree of modulation does not 
approximate to zero, but to a constant value of the order of 
1*5 per cent. Even with frequencies of 10® eye. this degree of 
modulation is maintained in spite of the fact that the after-glow 
is about 10“® sec. The result of this observation forces us to 
the conclusion that the so-called fluoresceiit light of the calcium 
tungstate is composed of two components. The first component 
is a highly efficient illumination with an after-glow of about 
10 ~® sec., which has been described hitherto as fluorescence, 
but which ought to have been termed phosphorescence. The 
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second component is indicated by the actual fluorescence 
which has a small after-glow—^too small to measure, possibly 
10sec.—and is analogous to optical fluorescence and is 
about 100 times less effective over the spectral range. This 
great difference in efficiency of the materials in common use 
results in the phosphorescence completely overpowering the 
non-persistent fluorescent light and the distinction between 
the two would need special a])paratus for segregation and 
separate measurement. 

Measurement of the other substances shows that the after¬ 
glow of the phosphorescent components is very much greater 
than in the case of calcium tungstate. The phosphorescence 
of material No. 2 in particular is, however, shown to be only 
slightly greater than 10 per cent of the total, so that compared 
with non-persistent fiuorescence which occurs in practice it 
can almost always be ignored. This substance, therefore, 
opens up interesting possibilities for tlie use of the cathode- 
ray tube as a h.f. light source in cathode-ray scanning trans¬ 
mitters, and for other purposes where extremely low screen 
after-glow is required. 

(iii) Process of Manufacture, The properties of the materials 
of the various fluorescent substances enumerated in the fore¬ 
going section can be affected most by the method of production, 
treatment, and the mode of applying to the actual screen 
carrier. As far as the substance is concerned, its crystalline form 
and the particle size contribute enormously to the final effi¬ 
ciency of the screen. The crystalline form is affected by the 
method of chemical formation, the grain size and the degree 
of mechanical pulverization. Fineness of grain must not be 
secured merely by grinding in a mortar in the usual way, since 
the sensitivity of the mass of the material may suffer severely 
from such treatment. Rather is it expedient to take such care 
as to ensure that the desired grain size is not exceeded during 
the process of crystallization. If a fluorescent substance of the 
required quality is available it can be applied to the screen 
carrier in various ways, with or without a binding substance. 
The best-known binders are sodium and potassium silicate, 
and the simplest silicate process consists in mixing the 
fluorescent material and binder together and applying them 
to the screen carrier with a small brush. Screen surfaces con¬ 
structed in this way are, however, very uneven. In addition, 
the enclosure of the crystal results as a rule in a considerable 
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reduction in luminosity (at 4 000 volts it may amoimt to 25 per 
cent). Much higher sensitivity and greater uniformity is 
obtained by covering the screen carrier with very thin layers of 
silicate, and dusting the fluorescent substance on to it by means 
of a fine gauze sieve or similar contrivance. Screens with silica 
binders show shght burns, brown discoloration and fatigue 
at high specific loads (down to 10 ^ watt/cm.2). Sodium salts 
are the cause of the colouring since the action of the cathode 
ray causes reduction of the salt with separation of sodium to 
take place. Potassium silicate is the most satisfactory. For 
television work, screens made wilh silicate are eminently suit¬ 
able on account of the fact that their tendency to show halo 
effects is small. 

An intermediate form of screen between that with and 
without binder consists of one to vhich the fluorescent mass 
is applied in alcoholic suspension. This is prepared so that 
the suspension corresponds to the required thickness of the 
layer and is poured into the bulb, so that the luminous particles 
can sink to the bottom of the mass by their own weight. The 
alcohol is then removed by suction or evaporation and a screen 
practically free from binder and of great evenness remains. 
These screens are, however, extremely susceptible to damage 
from mechanical vibration, and large j)ortions of the fluorescent 
mass may become detached from tlie screen carrier when it is 
subjected to violent shock during transport. A process of screen 
manufacture which has attained importance in practice and 
facilitated the manufacture of thin even screens capable of 
resisting heat and mechanical shocks, consists of impregnating 
the glass and is carried out in the following way.^®'*^ Tlie area 
of the bowl of the bulb to which the fluorescent substance is 
to be applied is first moistened evenly with distilled water, 
then an even film of the fluorescence material is dusted on by 
means of a sieve. 

The bulb is next heated slowly until the glass softens at 
about 500° C. A certain proportion of the particles of the 
substance sinks into the surface of the glass. After cooling, 
those particles of the fluorescent substance which have not 
impregnated the glass are removed with a small brush. By 
this process, a screen resembling opal glass is obtained, the 
fluorescent light from which appears equally bright when 
viewed from either side. Embedding the particles of the 
materials in the glass results in better heat conduction, so that 
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the screen stands up to heat better than those produced by 
the methods previously described. This method of manu¬ 
facture can be carried even further by mixing powdered glass 
of low melting point with the fluorescent material to be 

embedded and so still further 
strengthen the fixation of the 
material. The sintering process is, 
however, limited to a few substances 
which can stand heating in air 
^Calcium fungstafe until the glass softens, e.g. calcium 
cadmium tungstate. 

The ordinary impregnated screens 
have very low minimum exciting 
voltages, and particularly high 
efficiency even at high electron 
velocities due to the absence of a 
binder. This is shown by the 
gradation curves of Fig. 129. The 
upper curve is that of a calcium 
tungstate screen in a thick layer of 
potassium silicate as a binder; the 
lower one represents an impreg¬ 
nated screen. The increased effici¬ 
ency is brought about by raising 
the anode voltage and by the aid of 
optimum focusing. Equality in the 
energies of the rays was secured by 
having both screens in one bulb. The measurements were 
made independent of saturation by spreading the energy of 
the rays over a large surface (deflection in both co-ordinates). 

Permanent damage to the screen can occur with rays of high 
energy even with screens manufactured without a binder. 
Heating the screen over a flame often brings about a certain 
amount of recovery, but such heating must be done gradually 
(in an incandescent flame) to prevent sudden expansion of 
the glass. 

When very slow cathode rays impinge on the fluorescent 
material even if their velocity is greater than the minimum 
exciting velocity of the material, the screen may show no 
illumination. Such a case in which the screen does not provide 
sufficient secondary emission is illustrated in Fig. 130. In this 
instan(*.e the ray is retarded directly in front of the screen owing 
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Fig. 129. Gradation Curves 
OF Fluorescent Sireens 
With and Withoi^t Binders 
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to the considerable charge on the screen. If the screen were 
connected to the anode, other conditions being the same, this 
phenomenon would not occur. Careful observation shows that 
complete darkness exists even in the vicinity of the point of 
impact on the screen. Even the feeble secondary light which 
results from stray electrons and which is to be observed in other 


Fio. 130. Slow Spekd Ray (100 v.) brought to Focus on the 
Fluorescent Screen 

parts of the screen cannot be seen. Charging of the screen is 
noticeable even with higher anode voltages, although it does 
not actually produce retardation of the rays. It reduces the 
electron velocity, whicli is not the same for aU zones of the 
screen, and it may give rise to a small side deflection of the 
position of the spot when great differences in the conductivity of 
the screen exist. In order to increase the screen conductivity 
witli a view to avoiding retardation of the slow-moving elec¬ 
trons, it is possible in principle to attach the screen in thin 
layers on metal plates or metallized glass surfaces<^2>. The screen 
can, however, only then be viewed from the inside of the tube. 
A polished metal backing has the advantage that it reflects 
the light rays falling on the metal to the internal side of the 
screen, and so increases the lighting effect of the surface. If 
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transparency is essential, the layers must be extremely thin so 
that the gain in conductivity would only be small. Semi¬ 
conducting glass does not appear to produce any improvement. 

Dusting the metal film on the front of the screen also leads 
to considerable losses at the relatively low electron velocities 
of the low voltage tube, since a large proportion of the electrons 
are absorbed even by very thin metallic layers. The improve¬ 
ment of the tube due to screen conductivity is usually very 
small, and is more than counterbalanced by the disadvantages 
mentioned and manufacturing difficulties. Consequently, gas- 
filled tubes with transparent conducting fluorescent screens 
have not so far found much favour in practice. 

(iv) Geometrical Arrangement. The fluorescent screen of the 
first types of tube was generally fitted to a special mica or 
metal plate which was fixed to the interior of the bulb. 
This method of construction enables the preparation of the 
screen to be done quite easily outside the bulb, but it has 
this disadvantage that the insertion of the screen into the 
bulb is troublesome, and further, it cannot be fixed without 
glass supports or metal leads fused into the glass. The reason 
for inserting even surfaced screens into the bulb is not the ease 
of manufacture only, but partly also for optical reasons 
(elimination of halos). Furthermore the distortions, though 
generally small enough to ignore, which are usually associated 
with screens applied to the surface of the bulb which is curved 
for constructional reasons, do not occur. 

By far the most usual type of fluorescent screen to-day for 
television as well as measurement is that in which the sub¬ 
stance is applied directly to the rounded glass bulb. As the 
entire surface right up to the edge of the screen is not used, 
the distortions referred to in more detail later on, in the section 
dealing with ‘'Precision of Measurement with Cathode-ray 
Tubes,” can be kept reasonably small. Distortions caused by 
striations of the glass are not present when the screens are 
viewed from behind. These screens are particularly suitable 
for a number of purposes where it is necessary to work extremely 
close to the screen as in contact photography. As observation 
of screens fitted directly to the bottom of the bulb is carried 
out usually from behind, care must be taken that the 
fluorescent material is applied in a perfectly definite thickness, 
the optimum thickness being obtained when the luminosity 
at the front is only slightly greater than from behind. Thin 
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fluorescent screens with almost equal luminosity on either side 
give less illumination than thicker screens which are, where 
possible, placed on a reflecting plate and are only suitable 
for frontal observation. There has not been any dearth of ideas 
for constructing fluorescent screens with luminosity on one side 
only. In the first Braun tubes, suggestions were made that 
the fluorescent screen should be arranged at an angle of 45® 
to the axis of the tube. The distortion caused by inclining the 
screen can be avoided in visual observation by viewing it in 



Fig 131. A FiiVr Screen Bi lb 


such a direction that the angle of incidence of the line of sight 
is approximately the same as the angle of incidence of the 
stationary ray on the screen Distortion caused by striations 
in the glass are much more apparent to visual observation than 
by optical means with large aperture lenses. In order to facili¬ 
tate photography of the screen patterns with high-power lenses 
when the screen is inclined, the shape of the tube must be such 
that the axis of the lens system is perpendicular to the surface 
of the screen. Distortion in the tracing due to the inclination 
of the screen can be avoided in gas-filled tubes by suitable 
correction devices in the deflecting system. 

The method of correcting distortion which results in the 
production of very irregular deflecting fields is not possible 
in high-vacuum tubes in view of the large ray section. Inclina¬ 
tion of the screen is not usually of much use in high vacuum 
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tubes because the sharpness of the image suffers.* In this 
connexion it may be mentioned that the lack of sharpness due 
to inclination in high-vacuum tubes can be corrected by super¬ 
imposing on the lens voltage the deflection voltage which 
exists in the corres 2 )onding co-ordinate direction (in correct 
phase and amplitude). In this way the control of slot width 
of the main electron condenser is secured, and this enables a 
uniformly sharp image to be obtained even witli inclined 
screens. In order to compensate the deflection distortion in 
high-vacuum tubes mentioned above, it is nec.essary to have 
some control on the amjditude of the deflection voltages. A 
method of doing this, showing the necessary circuit connexions, 
is given in a recent paper.f The processes indicated necessitate 
such expensive equi 2 >mcnt that they are usually not worth while 
unless there are special reasons, as for instan(‘e in the case of 
the iconoscope or similar devices. The recent increase in 
efficiency of the high-vacuum type of tube makes the possibility 
of projecting oscillograms and television ])ictures of consider¬ 
able importance. With anode voltages of 4 000-5 000 and new 
screens of high efficiency, projections can be made on to a 
surface of 0*25 to 1*0 sq. metre or more with sufficient illu¬ 
mination. The large sizes of picture possible with this com¬ 
bination are particularly advantageous for demonstrations to 
a large audience, esj>ecially for showing curves at lectures. 
Projection on to screens at the front side has the disadvantage 
that the condenser cannot be brought sufficiently close to the 
screen surface. One is therefore forced to use long focus 
systems, and consequently, in view of expense, condensers 
which are optically less powerful. The advantage of greater 
brightness is lost again as a result of the oi)tical arrangement. 
The optical conditions are more favourable with transparent 
screens where the latter are brought close up to the ray-pro¬ 
ducing and deflecting system, and the optical projection 
system can be brought close up to the surface of the screen. 
A limit to the minimum size of the image on the screen is set 
by the grain size of the screen surface, the changes in colour, 
and saturation and fatigue of the material of which the screen 
is composed. 

* M. von Ardenne described this in a lecture entitled “Uber einige Thomen 
aus dem Femsehgebiet” at the Television Congress, Berlin, 12th June, 1933. 

t R. D. Kell, A. V. Bedford, and M. A. Trainer: “An Experimental Tele¬ 
vision System,” Proc. I.R,E.y Vol. 22, No. 11, November, 1934. 
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Fig. 132 shows an interesting type of fluorescent screen for 
projection purposes. The bottom of the tube is made concave 
inwards to enable projection to be made with an optical system 
uncorrected for spherical aberration, and to obtain on the 
screen a picture which is sharp up to the edges. The type of 
screen which is affixed to a flat glass plate constituting the 
bottom of the bulb, an arrangement which has been suggested 
many times, has never been adopted in practice. The difficulty 
of securing a constant vacuum by cementing the plane glass 
plate to the bulb so that it will safely withstand heat without 
separating, is so great that it becomes prohibitive in cost. 

Recently, however, the form of screen shown in Fig. 131 
has come into use particularly for projection television tubes as 
well as for measuring tubes. A bulb having very strong glass 



Fig. 132. An Old Arrangement for Projecting the 
Screen Image 


walls is emj)loyed and the bottom is shaped as a flat plane 
by a special process during manufacture. Later the flat plane is 
ground and polished on the outside. With a screen diameter of 
12 cm. the plane section has a glass thickness of 5 to 6 mm. 
This construction secures practically all the optical advantages 
of tubes with cemented planes without the disadvantages 
associated with their production, already mentioned. 

(v) Signifcmice and Elimination of Halos and Disturbances 
on the Screen due to them. With normal screens a phenomenon 
occurs which brings about a more or less intense secondary 
illumination in some parts of the screen which are not directly 
touched by the cathode ray, and which should therefore be 
absolutely dark. Two photographs of the light distribution 
around the spot are shown in Figs. 133 (a) and (6). The 
disturbance which appears as a halo round the fluorescent spot 
is due to total reflection at the outer surface of the glass. Its 
origin is chiefly an optical one.<®®^ 
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The mode of formation of the halo is shown diagrammatically 
in Fig. 134. The cathode rays produce the luminous spot L 
on the fluorescent screen S. Rays of light emanate uniformly 
in all directions from this spot. The only portion of the light 
which can be considered useful for external observation is that 
which passes through the glass G embraced by a hemisphere 
facing outwards. But of this portion only the light rays 
included within a solid angle of 90° can be observed. This 
solid angle is determined by the critical angle ^ at which total 


m 


■5 


(^0 ( h ) 

Fi(^. Ft.i ohkscknt Spots with Halos 

reflection takes place, and wlii(‘h is slightly less than 45° for 
the surface of separation of glass and air. All light reaching 
the surface of separation at an angle greater than the critical 
angle suffers total reflection, and leads to the formation of a 
halo, since the screen has the optical properties of a matt 
surface (Fig. 134). The useful portion which goes into the outer 
hemisphere is therefore only about 30 per cent of the whole, 
assuming that radiation from the spot is equal in all directions. 
The remaining 70 per cent is totally reflected and results in the 
formation of a halo. But as, on the one hand, the radiation 
from the light spot is weaker in the direction of the fluorescent 
screen, and on the other hand the screen reflects part of the 
light outwards, the portion wasted does not amount to 70 per 
cent, but only to about 30-50 per cent in practice. This means 
that a television picture, for instance, with the screen on the 
bottom of the bulb, can, in so far as the method of uniting 
the crystals results in a good optical contact with the glass 
walls, for optical reasons alone only have a contrast ratio 
of 1 : 2 to 1 : 3. 
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This contrast ratio is not by any means sufficient as experi¬ 
ments have shown. The elimination of the halo is one of the 
chief problems associated with television, and is also of great 
importance where the tubes are used as measuring apparatus, 
since its elimination results in increased definition and brilliancy 
of the figures. There are various possible ways of getting rid 
of the halo. Two consist of arranging the optical conditions so 
that the radius of the halo is greater than the effective diameter 
of the screen or of the diagonal of the picture, or else making 
it the same size as the fluorescent spot itself. The construction 
of cathode-ray tubes is 
entirely concerned with 
a surface of separation 
involving glass and air. 

As the critical angle for 
total reflection approxi¬ 
mates to 45°, the geo¬ 
metrical requirements 
are that the radius of 
the halo shall be twice 



the thickness of the 
wall of the bulb. For 
instance, with a glass 
wall 1 mm. in thickness 


Fig. 134. Fokmation of Halo throt’gh 
Total Heflectiokt at the Outside 
SiniFACE OF THE GlASS 


the diameter of the halo is 4 mm. In order, therefore, that the 


radius of the halo should be equal to the effective diameter of 


the fluorescent screen the glass walls would have to be about 
4 cm. thick with tubes of the dimensions at present in use. 
Glass of such thickness is obviously impossible for technical 
reasons alone. The second method mentioned above—making 
the halo very small—is not possible if the fluorescent screen is 
impregnated deeply into the bowl of the bulb, or is applied with 
one of the usual binders. The diameter of the fluorescent spot 
in modern tubes is about mm. Therefore, according to the 
relation given above, the wall of the glass should be yo mm. 
thick. This thickness would be insufficient to withstand 


atmospheric pressure. The difficulty can be overcome by 
arranging the fluorescent screen on a thin-walled transparent 
support—separated from the bowl of the bulb. Fluorescent 
screens of this nature, for instance on a metal plate, were dis¬ 
cussed in the last section. Freedom from light halos, as well 
as small optical distortions caused by striations in the glass bowl, 
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is secured since the space between the bulb and carrier can be 
made very small with thin screens (e.g. mica plates; see Fig. 
135). This space need only be sufficiently great to prevent 
actual contact between the bowl and the screen carrier over 
any portion of the effective surface. Total reflection cannot 
occur at the surface of separation of the bowl and the air as 



Fig. ISf). Elimination of the Halo by Using a Very Thin Trans- 
I'ARENT Screen Carrier Separated from the Bowl 
of the Bulb 


long as there is no contact, since no ray entering the glass can 
reach the critical angle. The arrangement of Pig. 135 is also 
free from light halos. 

The method mostly used to-day for reducing the halo disturb¬ 
ance consists in not fusing the fluorescent material deeply 
into the glass bulb, but attaching it where possible to the 



Fig. 136. Paths of the Kays and 
Formation of Weak Halos by 
Fluorescent Particles on the 
S iTRFACE of the GlASS 


surface. The surface of a fluor¬ 
escent particle which has con¬ 
tact with the glass wall—and 
therefore contributes to the 
formation of a halo—is then 
relatively small compared with 
the surface radiating outwards, 
so that the halo becomes cor¬ 
respondingly less intense. Fig. 
136 {a) shows the path of a 
ray emanating from a fluor¬ 
escent particle half embedded 
into the glass bowl with the 
formation of a bright halo due 
to total reflection. Fig. 136 (6) 
shows the particle just touching 
the glass wall only. A much 
larger proportion of radiation 
becomes available for useful 


external observation, and only a small portion emanating from 
the point of contact between the particle and the glass gives 
rise to a feeble halo. 
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Another method of avoiding halos consists in making the 
screen transparent. In this way, the light rays reflected from 
the exterior surface of separation between the glass and the 
air either pass through the screen or become totally reflected. 
In the latter case, if the index of refraction of the screen is 
suitable, repeated total internal reflection will occur and no 
luminous anomaly directed outwards can 
be seen. 

Unfortunately, transparent screens 
which are efficient are not known nor are 
they predicted. 

The difficulties described do not occur 
or, at any rate, are easily avoided with 
screens which are viewed from the front. 

2. Practical Types. The first sealed-off 
hot cathode tubes with low electron velo¬ 
city take us back to the time of Wehnelt 
and Westphal. These were employed 
mainly for demonstrations and less fre¬ 
quently for practical purposes. Very low 
illumination of the spot and frequently 
bad focusing, together with a heating 
current of 10 amperes, were great draw¬ 
backs to the general adoption of tubes of 
this type. The outstanding technical 
characteristics of the first hot cathode 
tubes were a platinum strip cathode carry¬ 
ing an oxide spot, the absence of prelim- " 

inary focusing, the formation of a beam 137. Gas-filled 

by means of a diaphragm, and the presence ^ ^ 

of small quantities of gas remaining in the 
tube. The tubes were operated with low anode potentials of 
several hundred volts, and the resulting energy of the rays 
was so low that the fluorescent pattern could only be ob¬ 
served in completely darkened rooms. The first tube to 
attain popularity in practice was the Western Electric model, 
developed by Jolinson.^®®^ In this pattern which to-day is still 
almost unaltered after more than ten years—Fig. 137 shows the 
most recent construction of Johnson’s tube—most of the 
important features of various modern constructions are em¬ 
bodied. The fluorescent screen is fixed directly on to the slightly 
curved glass bowl of the bulb. The various supply leads are 




146 


CATHODE-RAY TUBES 


taken to a pin base. The American tube is filled with argon 
at a pressure of 5 X 1mm. Hg for the purpose of gas-focusing. 
The special features of the tube are the construction of the 
cathode already discussed and the mounting of the electrode 
assembly, including the deflection system, on a glass pinch. In 
order to reduce the number of leads through the pinch, one 
deflection plate of each pair is connected to the anode, a 
procedure which excludes the use of the tube for some opera¬ 
tions and measurements : for instance, circuits in which separ¬ 
ate pole connexion to the generator for the ordinate and 
abscissa plates in order to produce variations and reversals, and 
also those cases in which the pairs of deflection plates must be 
biased with respect to the anode, are excluded. 

As distinct from the older type of American tube with small 
tubular anode, there is in the latest type shown in Fig. 137 
a circular electrode whose diameter is only slightly smaller 
than that of the glass neck and which is connected to the 
tubular anode. This alteration in construction of the anode 
considerably reduces origin distortion which was particularly 
pronounced in the older form of tubular anode. The electrons 
returning from the screen are no longer almost completely taken 
up by the deflector plates as in the older type of construction, 
but by the anode which has ample penetrance on the space in 
front of the fluorescent screen. The reduced deflection plate 
current leads to a corresponding reduction of the loading on 
any source of potential to which the deflection plates may be 
connected. In spite of the elegant cathode construction, 
already explained above, by means of which bombardment of 
the cathode by ions is reduced, the anode voltage of the 
American tube must not be increased above 400-500 volts, 
otherwise the life of the cathode will be reduced considerably. 
Anode voltages for practical purposes lie between 200-350 volts. 
When zinc silicate or sulphide screens are used, the tubes give 
a green fluorescent spot which is brilliant considering the colour 
of the spot and the low anode voltage employed. Having 
regard to the low anode voltage and the very appreciable after¬ 
glow of the screen material, these tubes are not suitable for 
photographic recording of non-recurrent phenomena or for 
observations in a rotating mirror. On the other hand, they are 
excellent for standing figures. The special advantages of this 
type of tube, or any cathode-ray tubes operating on low- 
electron velocities (200 volts) are the high deflectional sensitivity 
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and the possibility of working from d.c. mains or batteries. 
These properties make the low anode voltage tubes appear 
worthy of particular recommendation for use in schools, 


experimental work and directional 
measurements. 

The low-voltage tube recently pro¬ 
duced by the A.E.G., as shown in 
Pig. 138, on a stand, has properties 
very similar to the American tube 
already discussed. 

An advantageous departure in de¬ 
sign from the Americ*an tube is that 
each deflection plate is taken out at 
the side with the result tliat the limita¬ 
tions mentioned above are avoided, 




Fig 18S. (Jasiitiid Faiudui rsA\ Tim I^^ig. 139 Gas i illld 


(4 K a.) 


CArHODG-KA\ T\ BK {G06SO/) 


the low capacitanc‘e makes the measurement of higli-frequency 
phenomena easier, and reduces intercoupling of any such circuits 
connected to both })aiis ot plates. Another important type of 
tube, the (*onstru(*tion of which resembles very much the 
system shown in Fig. 137, is shown in Fig. 139. This English 
tube made by (^ossor has one peculiarity. Connected directly 
to the anode is a large metallic cylinder which envelops the 
deflection plates. This enlargement of the anode surface and 
the fact that a considerable portion of the cylinder occupies 
the space between the fluorescent screen and the deflecting 
plates, reduces still further the stream of electrons to the 
deflecting plates. The considerable decrease in the current 

II— (T.36) 
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flowing to the deflection plates as a result of the introduction 
of the internal cylinder, is indicated by the measurements 
reproduced in Fig. 140. The current flowing to the deflection 
plates in the ranges which are of importance in the loading of 
the tube, is reduced to about one-tenth by the internal cylinder 
or similar electrode whose influence on tlie screen zone results 
in a high value of D. In gas-filled tubes having such trap 
electrodes, coupling resistances up to 10® ohms can be used 
without appreciably affecting the deflection characteristic. Also 
the + shaped pinch which canies the whole electrode system of 



Fio. 140. Plate Cuhiient OirAHACTEJiiSTirs of Tubes With and 
Without the Internal Cylinder Surkoundiso the 
Deflection Plates 


this tube is worthy of mention. The operation of gas-filled 
cathode-ray tubes with hot cathodes at higher anode voltages, 
i.e. 1 000-3 000 volts, consistent with satisfactory life of such 
cathodes, was first made possible by the author's tube shown 
in Fig. 141. A notable feature of this tube lies in the simul¬ 
taneous use of gas-focusing, a point cathode, and a Wehnelt 
cylinder. The negatively biased cylinder enclosing or sur¬ 
rounding the cathode not only brings about preliminary 
focusing, but also keeps a good proportion of the gas ions away 
from the cathode as stated previously. The reduction of 
cathode bombardment brought about by the Wehnelt cylinder 
which, with high anode voltages, may be several hundred volts 
negative to the cathode, first made the use of such high 
anode voltages possible and, in spite of the limited efficiency of 
the ordinary cathode, was responsible for the formation of a 
brilliant spot. Raising the anode voltage to 1-2 000 volts 
increases the light output 50 per cent compared with the low 
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voltage tubes of equal ray current. This difference, which is 
far greater than the (*orresponding increase in anode load, is 
explained by the f act that the efficiency of the screen depends 
on the voltage. 

The increase by 50 per cent of the light output has proved 
much more imi)ortant than the decrease in deflectional sensi¬ 
tivity, which is about one-seventh in the case of electrostatic, 
or one-third in the case of magnetic deflection. Further, the 
large surface anode which takes up the return stream of elec¬ 
trons from the screen more effectively became recognized 
through the system shown in Fig. 113, and has been adopted 



Fifj. 141. Elicctrode SisTr:M or thk Ai thok’s ()i.i> Oas-fillkd Tt^be 

in many cases. An almost jioint-shaped emitting wire cathode 
is used ill the tiilie, and the magnetic field due to the current 
carryiiig wire is balanced out; consequently, heating by a.c. 
is possible. In this ty|)e of tube tlie defle(*tion plates are each 
taken out se])arately by means of glass side tubes. The tube 
contains argon at a pressure of 5 x 10“^ mm. Hg. It has a 
very fine grained and perfectly even screen of special material 
fused into the bow l of the glass bulb. 

For problems where only low anode voltages (up to 2 000 
volts) or very low deflection voltages are available, this type 
of tube has been superseded recently by a construction in 
addition to the high-vacuum forms illustrated further on, which 
has a simple accelerating lens instead of an anode. Both forms 
of construction contain indirectly heated oxide cathodes. The 
form used in gas-filled tubes has been illustrated already and 
discussed above. These tubes contained argon at a pressure of 
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about 5 X 10mm. Hg. In the form in which the deflection 
system has no zero error, the latter fault, which is very small 
at this gas pressure, is entirely eliminated. As distinct from the 
older types of tube for measuring purposes, a relatively large 
screen 18 cm. is employed in this tube. The deflection plates 
here again are taken out sideways. Gas-filled tubes as a rule 
give sharp spots and accurate measurements are possible 





KiCt 142 RCA RAI)I<)TKo^ Co, J-Iakrison, Nfw \ ork 
Assembly am) ib Dimi nsiotss oi Varioi s Hk.b va( i i m Ti bi s 


when the deflection plates not in use are left free. On the other 
hand, in the case of high-vacuum tubes, it is essential that 
deflecting electrodes not in use should be coimected to the 
anode either directly or through a non-inductive resistance, 
if possible not higher than 5 X 10^ ohms. Fig. 142 shows a 
small high-vacuum tube which was put on the market in 1933 
by R.C.A.-Radiotron. The system, which in common with 
the deflecting plates is mounted on a base, has the usual 
electron-optical ray path, discussed in detail previously. The 
distance of the image in the small tube is only about 16 cm., 
the screen diameter about 7 cm. The illustration shows the 
comparative size of the screen of a large tube by the same firm. 
In the model illustrated, one of each set of deflection plates is 
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connected directly to the anode, so that it is not possible in 
this case to arrange a symmetrical disposition of the deflecting 
voltages. Pig. 143 illustrates the assembly of a Cossor high- 
vacuum tube for measuring purposes. The special features of 
this tube which, in its electron- 
optical construction, departs 
somewhat from the other 


high-vacuum tubes discussed 
in this book are these: a small 
point cathode is used and this 
is projected directly on to the 
screen; modulation does not 
affect the position of the spot 
in spite of the direct projec¬ 
tion of the cathode, })ecause 
the latter and its virtual 
image due to the first lens 
system lie very near to the 
first anode, and a very small 
Wehnelt cylinder serves as an 
electrode for brightness (con¬ 
trol. The system contains one 
more accelerating stage than 
is usual at the present time. 
Another voltage tapping is 
therefore taken from the 
divider fed from the mains 
equipment. All four deflect¬ 
ing plates are taken out 
se 2 )arately through the pinch. 

Another high-vacuum tube 
for making measurements 
which can be operated at 
anode voltages up to 4 000 
and 5 000 is shown in Fig. 144. 
The fact that the sharpness 
of the spot and the deflectional 
sensitivity are independent of 
the frequency of the deflection 
voltages, a relation which holds 
good down to the ultra short- 



Fig. 143. CossoK (London) Systt.m 
OF High-vacuum Cathode-ra\ 
Tubes 

ave range, seems to make the 


high-vacuum tube eminently suitable for carrying out all kinds 
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of high-frequency measurements. On account of its use in the 
h.f. range and in order to secure a simple construction for 
measuring purposes, the deflection plates are taken straight 
out at the side. The screen of this type also has a diameter of 



Fig. 144. Higu-vacuum Measuking Ti be ^\ITH Deflection Plates 
TAKEN OUT AT THE SiDE {L(ybold and von Ard(nne) 

18 cm. and is composed of material No. 2, the characteristics 
of which were given in detail by measurements, in the section 
on fluorescent screens. At anode voltages of 3 000-4 000 volts 



Fig. 145. High-vacuum Television Tube (taken without Metallizing) 
WITH 30 CM. SCKEEN FOR 18 X 22 CM. PICTURE IN BlACK AND 
White {Lc ybold and von Ardcnne) 

the tracing speeds attained with this type of tube are sufficient 
to record all frequencies in the l.f. range and even some of the 
medium frequencies. Fig. 145 illustrates another high-vacuum 
tube with a particularly large bulb. This is fitted with one 
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or two pairs of plates according as magnetic or electrostatic 
deflection in the vertical direction is to be employed. The 
standard bulb size for home television might have a screen 
diameter of about 25 cm. The anode current and brightness 
intensity characteristics of the high-vacuum tubes in Figs. 
144 and 145, which were developed hy the author, have already 
been given in another part of this book. 

Besides the standard types mentioned there is a large number 
of special ones which are discussed in the following sections, in 
so far as they are of practical importance. 





Fiu. 146. Di.j'LECTTNc, System \\ith Pairs of Plates of Different 
Sensitivity in an Old Cl as-filled Tube Used in Particular 
FOR Small Ancles of Deflection 

3. Types for Special Purposes. At first, mention will be 
made of types which have been constructed and which differ 
from the standard forms by special deflecting systems. It is 
now nearly standard practice to make both pairs of plates the 
same, or nearly so, in order that equality of sensitivity may 
result. Equality of sensitivity is unimportant in many cases; 
it is more important that at least one pair of plates has as great 
a sensitivity as possible. 

When measurements are to be made with one pair of plates 
only or when, for instance, a voltage of large amplitude for 
time deflection is available, it is expedient to make one pair of 
plates more sensitive than the other. Such a deflection system 
with unequal pairs of plates is shown in Fig. 146. Fig. 147 
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shows a deflection system with which three difierent sensitivities 
in the one direction can be secured. Instead of one pair of 
plates there are two arranged in the same direction, and having 
their lengths in the ratio 1 : 2. Connecting the shorter pair 
to the voltage to be measured gives the lowest sensitivity. 
The longer pair gives medium sensitivity and both together 
give the highest sensitivity. The distance between the plates 



Fi(i. 147. Platj] S's stkm ok Thkkk l)irrKUK\T Sknsitivitiks foh I sk 
rrn IIkhi \'cii ta(,ks 


in the type illustrated is much greater than usual, and is for 
measurements in the 100-1 000 volt range. 

When gas is present there is some danger of the liigh 
deflecting voltages producing a discharge in the deflecting 
system. In the high-vacuum tube conditions are much safer, 
though in this case care should be taken when employing 
such high voltages that these are conducted to the parallel 
plates symmetrically. Fig. 148 shows a special shaped bulb 
neck which has been used frequently recently in combination 
with high-vacuum systems. In this case the ne(;k of the tube 
is narrowed down considerably over a distance of about 8 cm., 
so that the external control electrodes or deflection coils, which 
may or may not have iron cores, can be brought as close to the 
ray as possible, and on this account secure a high sensitivity. As 
a result of the constriction of the neck the penetrance of the 
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anode with respect to the screen zone is relatively small, and 
there is a danger that troublesome wall charges may be pro¬ 
duced. The inside of the bulb should therefore be metallized 



Fig. 148. Special Form of Glass Neck ior External Electrostatic 
OR Maonetic Control 

and (iKjnneetcd electrically to the anode when a bulb shape 
of tliis kind is used in connexion wnth liigh-vacuum systems. 
Figs. 149 and 150 give particulars of tlie constru(‘tion of the 



Fro. 149. Form of Coil 
Support for Magnetic 

I )E FLECTION 



Fkl loO. Coil Supports for 
Magnetic Deflection in 
Two Co-ORniNA7'K Directions 


supports for the coils for magnetic deflection. Fig. 150 shows 
a good arrangement for simultaneous magnetic deflection in 
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both directions. An important special type in which the time 
of passage of the electrons is compensated for measurements 
in the short- and ultra-short-wave range is shown in Fig. 151. 



Fig. 151. Tubes for Making Measurements at High Frequencies 
(H. K. Hollmann) 

Experiments with this electrode, which is due to Hollmann, 
have shown that it can be operated with considerable success 
without perceptible phase errors even at wavelengths of the 



Fig. 152. Equal Phased Deflection with an Oscillation of 80 cm. 

Wavelength 

Hollmann'b deflection system ordinary deflection system (right) 

order of 1 m. An experimental arrangement photographed in 
operation confirms this, and is shown in Fig. 152. The illustra¬ 
tion shows a transmitter for 80 cm. wavelength. In both 
cathode-ray tubes on the right- and left-hand sides of the 
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transmitter the deflection plates are connected by a Lecher 
wire, eacli two being connected to obtain deflection in the same 
phase. The left-hand tube having the deflecting system 



Fici. 153. System with Condenser Deflectincj Plates 


described, the phase relations are shown correctly by the 
registration of a line on the fluorescent screen. On the other 
side, with a tube having a standard deflecting system, the 
pattern on the screen is seen to be an ellipse. With this special 
type of tube, therefore, phase measurements in the extreme 



Fio. 154. Lecher S'iSTEM with Tube havino Condenser Plates 


frequency range are possible, as are also amplitude measure¬ 
ments, if the extent of the decrease in sensitivity which occurs 
at the frequency of operation is taken from Fig. 95, or is 
calculated from the equation on which this figure is based. 

For high-frequency measurements, leading out the deflection 
plates at the side of the tube is essential in order to keep down 
the distributed capacitance and self-inductance to a low limit 
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(i.e. resonant frequency of deflecting system corresponding to 
a wavelength of 10-20 cm.). 

Fig. 154 shows another special type for the ultra-short-wave 
range. This deflecting system has two plates each of which is 
led out as a condenser. Therefore, as shown in Fig. 154, the 
tube can be introduced directly into the Lecher system of a 
short-wave transmitter without causing any disturbance. If the 
tube is properly connected, it will indicate only high-frequency 
voltages in spite of the high d.c. voltage between the Lecher 



KtG. 1 CONSTKI ('TION OK \N OlD FoKM OF Doi’HLK 

('athoi)k-h \y System 

wires. This tube, by H. E. Hollmann, is specially for measuring 
voltages in Lecher systems. 

In order to obtain abnormally high sensitivity to deflection, 
i.e. to have very low ele(?tron velocities in the deflecting space 
without affecting the brightness and sharpness of the s]:>ot, 
tubes in which the production of the ray and the preliminary 
focusing take place at high velocity have been developed, and 
the electrons are then retarded to a speed corresponding to a 
voltage of 100 in an area where the field is, as far as possible, 
uniform. 

After traversing the deflecting space, the subsequent accelera¬ 
tion at anode potentials of several thousand volts takes place. 
The advantage of ray formation and preliminary focusing at 
higher anode voltages is that focusing is more complete and 
the losses by spreading in the gas are much lower. The deflec- 
tional sensitivity of the cathode-ray tube with retarding fleld 
has been increased to about 10-20 times that of normal tubes. 
Another device which was produced in the author’s laboratory 
in 1930, and which has since been developed in improved forms 
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with high-vacuum systems, is shown in Fig. 155. The idea of 
having two cathode rays for making two measurements is very 
old (Kock). The main difficulty is in the mutual inter¬ 
ference between the electrode systems. This can be reduced by 
introducing a screen between the systems of the arrangement 
shown in Fig. 155. In modem types of double cathode-ray 
tubes, high-vacuum systems or ones having electrostatic 
accelerating '‘lenses” at reduced gas pressure are employed. 
The voltages for the main anode—^the lens electrode—as well 
as that for operating the indirectly heated cathodes, are the 
same for systems of similar construction, so that the same 
corresponding connexions exist internally. In this way, a 
very considerable reduction can be made in the number of 
connexions and leads through the pinch. Besides the pair of 
plates for making comparative measurements, a further pair 
common to both systems is usually provided for time deflection. 

Fig. 156 illustrates a special high-vacuum tube of compact 
construction designed specially for projection work. In this 
case the distance of the image is only about one-third that of 
a normal high-vacuum tube, consequently the spot diameter 
is also reduced to about one-third. A high power lens of 
8-10 cm. focal length permits the projection of oscillograms 
or pictures on to large-sized screens. If full advantage is to 
be taken of a sharp spot, the condenser lens must be adequately 
corrected. For simple demonstrations, a condenser (power F/1), 
which has not been corrected chromatically, and illustrated 
in Fig. 156, is sufficient, especially if the screen material used 
is one which has a narrow spectral sensitivity band. 

An interesting application is that in which the cathode-ray 
tube is used as a switch or relay of low time lag. The funda¬ 
mental idea, which is well known, is to employ the current 
produced when the cathode ray strikes a guard ring for the 
control or starting of some particular operation. In principle, 
one or more electrodes can be provided. They are arranged 
at various points at the bottom of the bulb according to the 
function the tube is required to perform. Arrangements in 
which one or more trap electrodes are fitted on one deflection 
axis, or a large number of them in a circle round the centre 
of the fluorescent screen, are of considerable importance. The 
trap electrode circuit has a current flowing to it only when the 
ray impinges upon it. The current must cease immediately the 
position of the ray is changed when it no longer strikes the 
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trap electrode, a condition which can only be fulfilled when 
the latter is fixed in a certain position. If the trap electrodes 
are arranged at the bottom of the bulb so that they are free 
on all sides, it is clear that some current will flow to them 
even when the ray does not impinge upon them. The current 
is almost independent of the position of the ray. This result, 
which at first appears surprising, is explained by the fact that 
the secondary electrons at the bottom of the bulb or at the 




Fto. 156. A Htcih-power Lens and a Shortened HjOTT-vArmTivi Tebe 
FOR Pro.ie(’TTon PnFtPOSE {Letjhold and von Anhnra) 

fiuorescent screen do not return to the anode, but to the trap 
electrode wliich is nearer and practically at anode potential. 
A neat circuit can be secured in gas-filled tubes also by means 
of the electron ray when care is taken to see that the stray 
electrons are conducted away immediately by arranging metal 
surfaces connected to the anode near or behind the trap 
electrode. The condition referred to can be fulfilled even more 
simply and successfully if the trap electrodes are towards the 
bottom of the bulb, and insulated from the side by glass 
and screened. Fig. 157 shows an old experimental tube with 
guard rings which are screened by glass. Screening behind 
ensures that the return stream of electrons from the bottom 
of the bulb to the anode does not strike the electrode, and 
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that current of any magnitude only flows when the cathode 
ray strikes the electrode. This arrangement is not entirely 
free from inertia. During each operation the ray must im¬ 
pinge on the trap electrode long enough for the electrons to 
charge it, or to discharge it through an externally connected 
resistance. The greater the capacitance of the trap electrode 
and the external conductor connected to it, the greater will 
be the inertia of the electron ray switch. By using a particu¬ 
larly prolific source of rays, giving a current of more than 1 mA., 
with an electron optical system designed to suit the conditions 



Fig. 157. Old Form of Experimental Electron-ray Switch 


of operation, the author succeeded in reducing the time lag 
of this switch to 10~^ second. Consequently, it is preferable to 
all mechanical contrivances. R. A. Watson Watt has an 
interesting use for the trap electrode principle.He arranges 
a trap electrode sideways on the abscissa axis, and by a suitable 
switching arrangement ensures that the ray impinges on the 
trap electrode when in the stationary position. As soon as 
deflection in the ordinate direction occurs, due, for example, to 
a single potential impulse, the ray current flow to the trap 
electrode is interrupted and a single time sweep occurs, this 
itself being cut off' automatically by the process at the end of 
its stroke. A tube similar to that of Watson Watt is shown 
diagrammatically in Fig. 158. The voltage drop at the resist¬ 
ance, which is about 3 x 10® ohms, caused by the ray current, 
is of the order of 10 volts. The time lag in constructions of 
low capacitance is of the order of 10“^ to 10“^ sec. when normal 
gas-filled tubes and ray currents are used. 



162 


CATHODE-RAY TUBES 


The time constants can be reduced to the order of 0*1 or 0*01 
of their former value by using smaller resistances which may 
necessitate the introduction of amplifiers. The effective current 
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at the screen end of the ray can be measured by means of 
the trap electrode arrangement indicated. Fig. 159 sliows 
another interesting special tube having trap electrodes. 



Fig. 159. Compass Tube {Watson Watt ) 


At the bottom of the bulb of this tube are two semi-circular 
metal plates which have a thin fluorescent layer to facilitate 
observation of the ray. Both plates are led out separately. 
This tube, inspired by R. A. Watson Watt, is intended for 
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the construction of an automatic directional indicator or a 
self-operating control compass free from inertia. The tube is 
operated in such a way that the fluorescent spot or stroke lies 
in the space between the two semi-circular trap electrodes. 
Every position in which the ray is deflected is recorded by a 
bridge circuit and amplifier, and can be used for all kinds of 
control, as, for instance, in rotating the cathode-ray tube with 
the aid of mechanical devices. 

In this tube a current should only flow when the rays strike 
the corresponding trap electrode. In this connexion it was 
found necessary to place a mica plate in the slot between the 
deflection plates of the tube illustrated. This mica plate 
extends to the bottom’of the bulb. 

Electrode arrangements similar to those in the electron ray 
switch have frequently been suggested for carrying out 
frequency multiplication. 

A large number of very practical cathode-ray tubes of special 
construction, some of which are extensively used, has been 
evolved for sound-film recording. These tubes are discussed 
at the end of the book in the chapter dealing with the cathode- 
ray tube as an operating device. 

4. Manufacture and Testing. As glass is the principal 
material used in the construction of sealed-off cathode-ray 
tubes, glass technique and the work involved in preparatory 
glasswork constitute a great part of the manufacture of 
the tube. 

The ccmstruction of the tube starts with the glass bulb and its 
production, and attention must be paid to quality and freedom 
from strain in the glass used, to prevent cracking and bursting 
during evacuation on the pump or on a subsequent occasion. 
This applies particularly to the large bulb of the television 
tube. The bulb is best blown in a mould and embraces the 
conical part of the tube with the screen surface and cylindrical 
extension which subsequently carries the lead-in for the elec¬ 
trodes and at its open end the filament lead-in wires. Special 
care must be taken to see that the glass wall which is to act 
as screen carrier is made evenly and free from striations. Special 
attention must be paid to the extent of the curvature of the bowl 
of the bulb which should be kept small in order to secure 
undistorted screen images. In order that the bulb shall be able 
to withstand the external atmospheric pressure, particularly 
during the critical heating process, the radius of curvature 

12—(T.36) 
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must not be made too great. Illustrations of completed tubes 
show clearly the extent of the bulb curvature which has been 
decided by the result of practical experience. If the fluorescent 
screen is burnt into the bulb after the fusing process, the glass 
bulb should be obtained from the glass works with slightly less 
curvature, as tins increases markedly during the fusion process. 
The most complicated and important electrode connexion to 
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the tube is the pinch which carries the lead-in to the filament, 
the supports and voltage leads to the focusing electrode, and 
possibly also the anode and the plates. During manufacture, 
leaks can easily occur at the lead-in joints, and cracks develop 
subsequently. Consequently, each operation and subsequent 
heat treatment must be carefully supervised. 

The original form of the pinch is that of a glass tube flattened 
out at one end by means of a so-called Hanging machine. The 
supports are sealed into this tube in the position corresponding 
to the subsequent mounting of the electrodes. While the glass 
and electrodes are being heated simultaneously, a pair of pincers 
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or multiple-head pinch-making machine is used to flatten the 
glass into a pinch so that the leading-in wires are in one plane. 

Care must be taken to avoid leaving air bubbles on the 
platinum-covered wires embedded in the glass. Furthermore, 
tlie platinum-covered wires must be carefully inspected to 
detect microscopically minute longitudinal cracks which would 
permit air to reach the interior of the tube. In order to free 
the pinch from strain and to avoid cracks appearing later, it 
must be placed in an oven after manufacture, where it cools 
gradually and removes strain. On account of its ease in working, 
lead glass is generally used in making the pinch. 

Fig. 160 shows the apparatus necessary for making the pinch : 
on the left the pinch-making machine, in the centre the anneal¬ 
ing oven, and on the right the flanging machine. If the deflec¬ 
tion plates are to be led out direct at the side, glass pips must 
be blown in the bulb at suitable places. The lead-in wires 
should be covered with fused glass in an oxygen flame, and the 
entire structure with its glass coating sealed on to the terminal 
of the bulb. Here again careful annealing is essential to avoid 
subsequent cracking. 

After the preliminary glass work is completed, the electrodes 
should be prepared in their requisite geometrical form. They 
should either not be touched by hand at all, or only when 
the hands have been carefully washed in ether or petrol. 
Otherwise minute traces of grease are left on the electrodes and 
result in objectionable emanation of gas from the electrode 
when the tube is in operation. 

In any case it is worth while washing the electrodes with dilute 
nitric acid, caustic potash, benzine, and finally carbon tetra¬ 
chloride just before mounting. This is particularly important 
in the case of high-vacuum tubes. The equipment necessary 
for the manufacture of the electrodes and the cathode is shown 
in Fig. 161; on the left, the tools and the stereoscopic lens 
necessary for the examination and investigation of small elec¬ 
trodes and in the foreground two spot-welding machines. 
When the electrodes which have already been mounted are 
actually fitted into the bulb, the individual components must 
be arranged according to the design of the particular tube 
by means of the necessary adjusting tools, and accurately 
positioned with respect to one another and symmetrically to 
the axis of the tube. The tube finished off in the manner 
described is then put on the pumping machine preceded by a 
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liquid air trap. After continuous control of the vacuum has 
shown that there are no leaks of any kind in the tube, the 
latter is placed in an oven and heated for several hours at 400° C. 
to remove the film of moisture on the walls. Sometimes leaks 
which have very small dimensions are present and they are 



Fig. Ibl. Spot Welding Machinia and Eqxipmi^nt ion Making 
Elec I rodi s 

extremely difficult to detect. Consequently, special devices 
must be used to find them quickly. A simple method of finding 
leaks is tlie colour change which occurs in a glow discharge 
in the presence of alcohol vapour. If successive applications of 
alcohol are made to the surface of the bulb, a colour change 
occurs immediately the discharge, which has been maintained 
in the tube, reaches the leak which is moistened with alcohol 
vapour. Another method used, particularly for the pinch and 
terminals, is that in which the terminal wire is dipped in 
colouring matter. The external pressure forces the colouring 
along the terminals into the tube, and the point at which 
leakage is taking place can be recognized immediately the 
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colouring reaches it. Heating and cooling of the tube must 
be done slowly to avoid producing additional strain in the 
glass and cracks which may result therefrom. Those electrodes 
which reach high temperatures during operation of the tube 
must be heated up to a high temperature before the bulb is 
sealed off. With hot cathodes this is done by heating the 
cathode for a short time at a temperature which is slightly 
higher than normal. Electrodes which become warm during 
the operation of the tube are preheated by electron bombard¬ 
ment, or by eddy currents produced by a high-frequency 
oscnllator with an output of about 1 kW. 

Immediately after the preliminary heating process, the 
cathode should be heated for some time, at first without 
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accelerating field. Finally, during the latter lialf of the pumping 
period, the forming process of the cathode takes place according 
to the methods previously stated. In gas-filled tubes, only gas 
which is spectroscopically pure should, in principle, be used for 
filling. For economy, the filling can be done effectively through 
a special tube (see Fig. 162). This tube is closed by two 
cocks, one of which doses out small quantities of gas through 
a hole bored in one side. The exact operating pressure is 
attained by pumping out the excess of gas in several stages. 
The tube after being completely evacuated, and then filled 
with gas, is taken off the pumping tube in the same way as is 
usual with amplifying valves as soon as it shows itself to be 
operating satisfactorily. Fig. 163 shows a simple pump for 
making experimental tubes, the quartz diffusion pump, a partly 
finished tube, and a gas bottle under the raised oven being 
visible. On the left-hand side of the illustration is an eddy 
current heating set with its heating coil. 
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The sealed-off tube is cemented into a base according to 
the purpose for which it is to be used. For very high anode 
voltages it is advisable to fill the base with insulating material 
to avoid leakage. The tube when capped must be operated at 
normal anode voltage for at least an hour before it is finally 
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ready for use in measuring circuits. Duiing this period leaks 
or other faults will make their appearance. 

During and after manufacture the sharpness of the spot 
must be adjusted, not only in the undcflected position, but 
preferably at all jioints which it is likely to take up over the 
surface of the screen. For this test, either an arrangement 
similar to that which produces a television scan or the much 
simpler arrangement of a circle tracing bridge, previously 
referred to, can be used. Non-symmetrical features in the 
fluorescent spot become noticeable in the tracing of the circle 
through corresponding differences in sharpness of the line of 
the circle. By the aid of a potentiometer the voltage fed to 
the circle tracing bridge can be gradually increased with the 
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result that the spot traces out circles of ever-increasing dia¬ 
meter. Fig. 164 shows a circuit for testing spot sharpness and 
brightness control. Besides testing by means of the circuit of 
Fig. 164, the testing of the stationary spot must not be over¬ 
looked, since defects such as formation of corona, distortion, 
etc., in the stationary spot can be easily seen. A probable 
defect in the stationary spot is more easily discovered by a.c. 
heating than by circle tracing. The tracing bridge must, of 
course, be altered for testing high-vacuum tubes in such a way 
that a symmetrical arrange¬ 
ment of voltage is obtained. 

For more exact control of the 
properties of the tube, the 
tracing of the anode current 
characteristic as well as the 
independent tracing of the 
})rightness characteristic are 
carried out effectively on a 
television scan (raster), the 
limits of spot sharpness being 
controlled at the same time. 

When testing and forming an 
opinion about cathode-ray 
tubes, it is important to note 
the actual number of working 
hours of tlie oscillograph. This 
can be done very conveniently 
by some device fed from a.c. 
mains. Parallel connexion to a 

synchronous clock circuit is all that is required. Small meters 
o}>eiated by batteries are equally as good. When feeding 
from batteries, the mean cathode current has to be considered 
in order to obtain the number of hours of operation from the 
number of ampere-hours shown by the meter. 


^7500cycles 


Mains unit 


3 
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Bias voltage 


Ftg. 164. Circuit for Testing 
THE Sharpness of the Spot 
AN i> Facets in Brightness 
Control 


VI. Precision of Measurement with Cathode-ray 

Tubes 

In previous sections it has been stated in every instance 
how precision of measurement of the cathode-ray tube is 
affected by its construction and limitations which are imposed 
by the circuit in which it is used. In consequence, details of 
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errors likely to occur will not be considered exhaustively in 
this section, but a short list of references to the previous 
sections will be given so that the reader can make himself 
familiar with the errors of measurement which are likely to 
occur.A number of inaccuracies result from the physical 
conditions under which the oscillograph tube is operated. The 
internal and external zero error in the gas-filled tube belong to 
this category as does also the way in which the sensitivity of 
the control electrodes depends on frequency (see sections on 
electrostatic influence, practical measurements, and observa¬ 
tions). Included also in this category are the dependence on 
frequency and phase errors—discussed in detail previously— 
which appear in tracing h.f. phenomena when the time occupied 
by the electron in crossing the field is comparable with the 
duration of the event to be recorded (see pp. 92-97). A con¬ 
siderable effect on precision of measurement is exercised by 
internal charges (on the glass walls) which were eliminated for 
the first time by tubes metallized internally or externally. 

In order to avoid disturbances caused by uncertain charges 
on the deflection plates, those plates which are not in use 
should be connected to the anode directly, or, in cases 
where this is not possible, through resistances of the order of 
10® ohms. 

Naturally, of course, care should be taken that errors in 
measurement do not occur through the influence of stray 
external fields on the cathode-ray tube. Information has been 
given in another part of this book about the control of stray 
fields. Other errors in precision measurements o(;cur through 
purely geometrical conditions. In this connexion the oscillo¬ 
gram is more accurate the smaller the ratio of spot diameter 
to the diameter of the workable portion of the screen, i.e. the 
greater the resolving power. The diffusion of the spot in tracing 
high frequencies results in a very large decrease in the resolving 
power of the gas-filled type of tube. The use of screen contact 
photography also causes accurate measurements to be affected 
by the spreading of the spot which is very difficult to avoid. 
An error which is due to the geometry of the tube but one 
which can be ignored frequently, results from the essential 
curvature of the bowl of the tube, a shape which is adopted 
for constructional reasons. This error is naturally smaller 
the less the ratio of maximum amplitude to screen diameter, 
since the curvature is least at the centre of the screen. The 
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error in deflection where external observation is concerned is 

Ay = y^l2RL, .... (42) 

where is the distance from the centre of the deflection plates 
to the fluorescent screen, y the deflection, and R the radius 
of curvature of the screen. 

For accurate reproduction of high definition television 
pictures, which has been made possible with the modern 
high-vacuum tube, measurements with accuracies which a few 
years ago appeared impossible are necessary, and such tubes are 
more accnirate than many instruments for measuring small 
currents. 
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CHAPTER II 

ACCESSORIES 

Both for general use and for particular applications, the 
cathode-ray tube requires auxiliary apparatus the design of 
which must, in order to secure efficiency of the whole equip¬ 
ment, be of as great importance as the tube itself. Quite apart 
from the object of any particular application, a complete set 
of equipment supplying the various voltages required by the 
tube, is always needed. 

I. Sources of Electric Supply for Catiiode-ray 

Tubes 

The supply for the cathode-ray tube must provide potential 
for one or more anodes, for the focusing electrode and the 
heater circuit. The provision of the anode voltage usually 
entails the highest pover consumption. Besides the provi¬ 
sion of high voltages, a step-by-step or uniform regulation of 
the accelerating voltages within wide limits is, in many cases, 
desirable. As the performance of the various types of modern 
tubes does not vary very much, the brightness of the spot 
attainable is to a great extent dependent on the value of the 
anode voltage. The curves for a high-vacuum tube, shown in 
Fig. 165, afford some idea of the way in which the brightness 
of the fluorescent spot dei)ends on the magnitude of the anode 
voltage. The brightness of the spot de])ends much more on 
the anode voltage in the lower range than in the ui)per range 
as a result of the difference in screen efficiency. The measure¬ 
ments of Fig. 165 show this. In the case of ray currents usual 
in modern cathode-ray tubes, the following conditions of 
operation exist in the respective voltage ranges. 

With anode voltages of 200-400 volts, the brilliancy of 
standing figures is sufficient for observation in undarkened 
rooms provided short gas-filled tubes with relatively small 
screens are used. Large tubes designed for operation at higher 
anode voltages produce fluorescent patterns which can be satis¬ 
factorily viewed in dark enclosures. Observation of non¬ 
recurrent phenomena can hardly be considered with low anode 

174 
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voltages, since the illumination is too low. In the 400-800 
volt range the maximum tracing speed is sufficient to enable 
visual observation of low-frequency non-recurrent events to 
be made in darkened enclosures. Even with voltages of this 
order, though preferably in the 800-1 200 volt range, the 
brightness of the spot is sufficient to enable the tube to be 
used for measurement and control of working operations. 
Within the whole anode voltage range, from the lowest potential 


at which fluorescence 
appears, photographs of 
stationary patterns can 
be taken satisfactorily. 
Photographic recording 
of low-frequency non¬ 
recurrent figures re¬ 
quires voltages over 

1 200. Almost all high- 
vacuum tubes need 
anode voltages over 

2 000 to obtain a bril¬ 
liant spot. Voltages 
between 1 000 and 2 000 
are necessary to record 
components in the oscil¬ 
logram which lie near 
the upper limit of the 
low-frequency range, 
with a screen amplitude 
of several centimetres. 


Fig. 165. Anode Voltacje and Light 
Intensity Charactetitstic for a 
High-VACUUM Ti be 



Voltages of this order 

are used in tubes for sound-film recording and for tele¬ 
vision, where the energy of the fluorescent spot is spread over 
a large surface. Anode voltages exceeding 4 000 volts are used 
only in high-vacuum tubes for investigations involving small 
currents. In most gas-filled tubes the focusing effect ceases 
near this voltage and there is a tendency for a discharge to 
pass. With voltages of 4 000, it is possible to obtain tracing 
speeds which enable photographic recording of medium 
frequency phenomena, with amplitudes of several centimetres, 
to be made. 


1. Battery Operation. In all cases where supply mains are 
not available or where connexion to them is undesirable, 
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potentials for operating the tube must be supplied from bat¬ 
teries. Such supply is of importance for portable equipment. 
As the anode and heating circuits seldom consume as much as 
2 watts, operation from batteries is economical in spite of the 
fact that the provision of the anode voltage of I 000 volts from 
dry cells is a disadvantage. Alternatively, attention can be 
given to d.c. converters which will be discussed in greater 
detail later. 

The anode current of the present-day tubes in practice is 
about 0*02 to 0*4 mA. The ion current, which in gas-filled tubes 
fiows to the negative focusing electrode, is about one-hundredth 
of this. The current fiowing to the negatively biased brightness 
control grid can always be ignored in high-vacuum tubes. 
As fluctuations of 10 volts in the anode voltage hardly affect 
the properties of the tube to any extent, and this corresponds 
to a resistance of 10® ohms in the electron current circuit, it 
is of no disadvantage to have a resistance of this order in the 
anode circuit. Although much smaller voltage fluctuation on 
the control electrode is {)ermissible, the current in this circuit 
is also much smaller, so that the internal resistance should be 
about 5.10® ohms, in order that critical back coupling may 
not arise. The internal resistance of the suf)ply for one or 
more of the lens electrodes may, as a rule, be of the order of 
a megohm. The current in this case is generally so low that 
no material change in voltage occurs with the resistance of the 
order stated, even when the system includes apertures, when 
adjustment of the brightness control grid is correct and 
suitable choice of accelerating voltage is made. In order to 
minimize changes of voltage in the lens electrodes due to the 
accumulation of charges for short periods from the apertures 
during over-modulation periods, as for instance in television 
reception, a capacitance can be arranged to neutralize such 
peaks. The possibility of having such high internal resistances 
in the anode and cylinder circuits is of great advantage, since the 
source of potential becomes less dangerous to the operator with 
these resistances in circuit. If portions of the circuit at high 
voltage come in contact with one another, the potential differ¬ 
ence immediately falls to zero. Furthermore, a high internal 
resistance in the anode and cylinder circuits has the advant¬ 
age in gas-filled tubes that it prevents the passage of a discharge 
which would otherwise destroy the electrode system. The 
possibility of a very high ion current of a magnitude 



ACCESSORIES 


177 


dangerous to the tube is also avoided owing to the great drop 
in voltage which would take place. The prevention of the gas 
discharge is of great importance when working with anode 
voltages of several thousand. In addition, there is the advan¬ 
tage that the voltage dividers necessary for modern arrange¬ 
ments may be of very high resistance, and therefore consume 
very little power from the source of supply. Most voltage 
supplies, especially batteries, have internal resistances very 
much less than 10® ohms, so that in such cases a resistance 
of this order must be included in the circuit. The ordinary 
high resistances are suitable if their value is independent 



Fig. 16(). Circuit for Battery Operation (200-500 v.) 

of the load. Precaution should be taken against using the 
so-called vacumn resistances, most of which are not enclosed 
in a high vacuum and which, on the occurrence of a short-circuit, 
allow the current to bridge the resistance path by a glow 
discharge. 

A suitable circuit containing protective resistances for bat¬ 
tery operation is shown in Fig. 166, and is one using an old 
type gas-filled tube. In place of two protective resistances it 
is sufficient to connect one across the leads to the anode. The 
arrangement is one which is also fairly general for low voltages. 
In the case of very high voltages it is inferior to the circuit of 
Fig. 166, since as long as only the anode is protected, a gas 
discharge may stiU take place between the deflection electrodes 
on the one hand, and the cathode or cylinder on the other. If 
the deflection plates are also protected by a series resistance, 
a disturbance of the position of the ray may easily occur as 
a result of the drop in voltage across the resistance. The 
method of connecting up the protective resistances according 
to Fig. 166 is therefore strongly recommended. Fitting the 
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protective resistances near the tube has the advantage of 
keeping the conducting parts, especially the leads to the 
focusing electrode, as short as possible, so that stray capaci¬ 
tances from external sources, such as near-by mains, etc., do 
not induce voltages of appreciable magnitude. In order to 
maintain the source of current at some definite potential, it 
should be earthed. Earthing the cathode as in the case of 
amplifiers has the advantage that accumulators which may be 
used for heating, will be at earth potential, but this arrange¬ 
ment is only suitable for tubes operated without electrostatic 
deflection for measuring ])urposes. When electrostatic deflection 
is used, the anode is almost invariably earthed as in Fig. 16(3. 
In this way the deflection plates and, also, the associated 
circuits used with them, can be kept at earth potential. In 
order to operate an old type of tube by means of the circuit 
of Fig. 166, the cathode should be raised, gradually at first, to 
the required temperature, including, if necessary, an ammeter 
in the heating circuit. A special switch has not been placed 
in the heating circuit. This has been omitted intentionally so 
that one is compelled to turn back the heating rheostat when 
switching off, so that overheating previously mentioned does 
not occur when the circuit is re-established, an occurrence 
which might otherwise take place when the partly-discharged 
accumulators have recovered. Anode and potentiometer 
voltage should only be switched on together after the heating 
has been adjusted. By the aid of the potentiometer connected 
to a portion of the battery, it is easy to find the most satis¬ 
factory voltage for the focusing electrode, consistent with maxi¬ 
mum brightness of the spot and optimum focus of the rays. 

Regulation of the cylinder voltage should be possible in all 
equipment where extreme sharpness of the spot is required, 
and where limitation of the number of controls is not important. 
It is desirable to limit the range of adjustment for the voltage 
of the focusing electrode by including a fixed resistance in series 
with the potentiometer or some other contrivance which pre¬ 
vents overloading the cathode, such conditions arising where 
the cylinder is at zero or at a low negative potential. The 
optimum negative bias of the focusing electrode is in gas-filled 
tubes according to the value of the anode penetrance existing 
at the time, about one-tenth to one-fifth the magnitude of 
the anode voltage. 

In order to obtain control by the Wehnelt cylinder in Fig. 166, 
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it is only necessary to lead the a.c. control voltage through a 
capacitance to the terminal K, As the source of the a.c. control 
voltage will generally have one pole earthed, this capacitance 
must be able to withstand a test voltage which will ensure its 
satisfactory performance when subjected to the full accelerating 
voltage of the tube. The capacitance must be of such a value 
that the voltage drop across it at the given frequency is small 
compared with the drop across the 5*10^ ohm resistance in 
the cylinder circuit. Very high capacitances (> 1 ^F.) should 
not be used at this point, particularly with high anode voltages, 



Fig. 167. Simpl,ifjed Circuit for an Old Gas-filled Type Tube in 
WHICH THE Cylinder Voltage Depends on the Anode Current 

since their capacitance currents alone can lead to the production 
of a high gas discharge which may result in the destruction of 
the tube. 

In consequence of the ease of adjustment of all the voltages, 
the circuit of Fig. 1(56, or one with voltage divider for feeding 
one or more lens electrodes, is suitable for tracing the anode 
current/cylinder voltage characteristic of the tube as well as, 
in fact, for making measurements with the tube. Another 
simplified circuit in which the bias of the focusing electrode is 
taken through a separate resistance, since voltage drop is caused 
by the anode current itself, is shown in Fig. 167. The depend¬ 
ence of the cylinder voltage on the existing anode current is 
an advantage, since the increase in anode current is arrested 
by the automatic increase in the bias which it produces. This 
arrangement of connexions is specially recommended where 
sudden alterations in anode voltage may occur (as, for instance, 
when connected to lighting mains). The accelerating voltage 
between anode and cathode which determines the ultimate 
electron velocity, and therefore the sensitivity of the ray, 
13—(T.36) 



180 


CATHODE-RAY TUBES 


naturally varies according to the cylinder voltage. In tubes 
having a very steep anode current/cylinder voltage charac¬ 
teristic the change in cylinder voltage necessary for light-dark 
control hardly amounts to more than 10-20 volts. The change 
in velocity due to regulation of the cylinder voltage in this 
circuit is so small that the sensitivity of the tube can be 
regarded as being independent of the cylinder voltage adjust¬ 
ment. In the circuit of Fig. 167, a fixed resistance is connected 
in series with the variable non-inductive high resistance to 



Fig. 168. Circuit for Modern Battery-operated Tubes with 

AcC'EIiERATlNtJ LeNS 

limit the regulation of tlie cylinder voltage. This limitation is 
advisable particularly in view of the use of the tube for 
calibration. 

The by-pass condenser included in almost all the mains 
circuits, mentioned below, is scarcely necessary for battery 
operation. It is, however, included to ])revent back coup¬ 
ling between anode and cylinder voltage, whi(*h results in a 
flattening out of the control characteristic when brightness 
control is carried out by means of a Wehnelt cylinder. The 
values in Fig. 167 are so arranged that the steepness of the 
control characteristic appreciably decreases at a.c. control 
voltages of frequencies less than about 25 eye. Fig. 168 shows 
a circuit with a voltage divider for battery operation of modern 
tubes with an accelerating lens. Additional safety resistances 
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are not included in this circuit, since the high-vacuum tube 
and those with low gas pressure are free from the danger of 
gas discharge. If the tube used has an indirectly heated cath¬ 
ode, care should be taken that the time required for the heat 
temperature to reach its maximum, which is from 1 to 2 min. 
according to the design, elapses before voltage adjustment is 
made to secure optimum brilliancy and sharpness of the spot. 
Operation by dry cells is inconvenient when voltages of several 
thousand are necessary. In such cases it is preferable to con¬ 
vert high current at low voltages, such as are obtainable from 
accumulators or dry batteries, to high voltage low current 
supplies by suitable converters. To obtain high voltage d.c. 



Fig. 109. Pendt^li m Converter (Faltcenthal) for Obtaining 
Alternating Current from Accumulators 

it is first necessary to convert d.e. to a.c. A number of ways 
in which this can be done will be discussed in turn. A sim¬ 
ple method of obtaining a.c. from a d.c. source is by means 
of a Falkenthars |)enduluin converter. Such a converter, 
shown in Fig. 1(59, supplies a fairly constant a.c. of about 
500 eye. if the make-and-break contacts are properly adjusted. 
This current is useful for producing high direct voltages with 
mains equi])ment and rectifiers. An examjile is shown in Fig. 
170. The cathode of the rectifying valve is connected to a low 
voltage winding on the secondary side of the transformer. 
The a.c. output is sufficiently constant for heating the filament 
of the rectifiei*, but not for heating the cathode of the tube by 
an additional winding. In order to correct irregularities in the 
alternating voltage supplied by the converter, a smoothing 
circuit with very low-frequency cut-off must be provided. This 
requirement is easily satisfied for small currents, and can be 
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dealt with by the simple resistance-condenser circuit of Fig. 170, 
in which oscillations of period greater than 20 sec. are elim¬ 
inated. Usually, much shorter tracing periods than this are 
involved for purposes of measurement and for tracing oscillo¬ 
grams, so that this smoothing is quite sufficient. The equip¬ 
ment in Fig. 170 simply replaces the anode battery in Fig. 
167. By adjusting the variable resistance shown, the voltage 
supplied to the equipment can be altered within limits. High- 
frequency circuits are particularly suitable for the production 
of high voltages from batteries; these will be described in the 
next section. The equipment indicated below with which the 



Fig. 170. Equipment Using the Pendulum Converter 
FOR Producing Hkut Voltage D.C. 

direct current is converted, by means of '‘sav-tooth ” oscilla¬ 
tions, into a.c. suitable for transformation, is also used in 
connexion with batteries. 

2. Equipment for D.C, Mains. In the circuit of Fig. 167, 
d.c. mains can be used instead of batteries. Earthing can then 
simply be omitted, or it can be ascertained whether one pole 
of the d.c. supply is permanently earthed. Generally, the a.c. 
superimposed on the d.c. is so small in amplitude (1-2 per cent 
of the d.c. voltage) that no smoothing circuits are necessary. 

Of course, operation from lighting mains involves the mean 
value of the voltage fluctuating according to the time of day 
and the consumers’ load. In some cases these variations 
amount to 10 per cent or more. It is advisable, therefore, 
especially in the case of the older gas-filled tubes for mains 
operation, to make the cylinder voltage dependent on the anode 
voltage. Sudden voltage surges, which as a result of the change 
in sensitivity they produce alter the tracing of oscillograms, 
are smoothed out in most of the mains operated circuits given 
below. If neon stabilizers or other regulators are not provided 
for smoothing out the mains voltage, it is necessary to calibrate 
the sensitivity of the tube by a voltage of known value or by 
a known magnetic field. This should always be done before 
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using the tube when precision measurements are to be made. 
In principle, it should be noted when using d.c. from mains 
supply, that at 220 volts the operation of the tube is severely 
limited on account of the tracing speeds which are attainable 
at this voltage. For the same reason, 110 volts is not sufficient 
unless conversion to a higher voltage is to be made. This 
conversion can be made by a motor generator, and has the 
advantage that the anode voltage of the tube can always be 
regulated within wide limits by altering the field excitation 
of the high voltage generator. The high cost and the incon¬ 
venience of servicing the high-voltage generator are its dis¬ 
advantages. The use of high-voltage macliines is hardly 
practicable even when such equipment is available for other 
purposes. Another method consists in converting the d.c. to 
a.c. by means of rotary or static inverters, the high-voltage 
supply units being connected to the a.c. side. This will be 
discussed in more detail in the following se(*tion. Such a 
method has the advantage that the heating current is also 
supplied from the lighting mains corresponding to the a.c. 
circuit given later on in the book. 

Static inverters are the recently produced so-called a.c. con¬ 
verters, which, by means of thyratrons, produce a sinusoidal 
a.c. supply of 50 eye. of remarkable constancy. Fig. 171 shows 
the circuit of a self-excited 
push-pull inverter^^^ which 
represents the converse of the 
single-phase full-wave rectifier. 

Two thyratrons operate in 
push-pull in such a way that 
current flows alternately 
through the upper half and fig. 171. 8klf-exctted Ptsh-pull. 
then the lower half of the A.c. Inverter 

transformer winding. The 

grids at the same time can be controlled by a special timing 
impulse. 

However, self-excitation is generally used, i.e. the primary 
winding of the grid transformer will be connected to the a.c. 
output. Frequency adjustment is made by means of phase 
displacement in the griji transformer. The equipment is then 
self-regulating. Commutation is facilitated by the condenser 
C which, during the period of de-ionization, removes the 
anode voltage from the tube whose discharge is extinguished. 
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Components should be chosen so that a frequency of about 60 
eye. is obtained. Another method of using the alternating 
inverter consists of the series circuit shown in Fig. 172. Two 
condensers acting as sinks of energy are alternately charged and 
discharged through grid-controlled rectifiers. The condenser 



Fig. 172. Series Alternating Current Inverter 

current is alternating, and is either taken direct or, in the case 
under review, through a transformer. A choke D included in 
the circuit facilitates commutation. The arrangement here is 
self-adjusting. Another transformer circuit without mechanical 
moving parts is shown in Fig. 173. Here a high-frequency 


/olfage adjusfmtnt 



Fig. 173. H.F. Equipment for Producing High Voltage D.C. 

ocillator of the usual type is operated from d.c. mains, and 
its oscillating circuit is coupled to a Tesla coil. The high- 
frequency voltage in the Tesla coil can be simply adjusted 
by a variable condenser of low maximum capacitance connected 
in parallel on the secondary side. Rectification takes place 
with an ordinary rectifier valve which is heated by an insulated 
accumulator separate from the rest of the circuit, and not 
from the h.f. supply. There are two ways of smoothing out 
the a.c. components in the lighting mains. The smoothing 
may precede the anode circuit of the oscillator or the 
smoothing here may be omitted; in the latter case, the oscil¬ 
lator produces modulated high-frequency current which must 
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be smoothed by a large capacitance (0*1 /iF.) following the 
rectifier valve. The latter is the more convenient method, 
although it lacks the advantage of the first, that danger from 
contact cannot occur on the d.c. high voltage side, since the 
output at the moment of contact is low on account of small 
capacitance of the circuit. As distinct from all other mains 
circuits discussed below, the high-frequency transformers 
permit of contact being made with the unrectified high voltage 
without danger. High-frequency apparatus has not been 
extensively used on account of the rather complicated circuits 
involved and the danger of radiation, which can only be 
prevented by careful screening of all components. 

Most of the circuits so far described for taking high anode 
voltage from d.c. mains have an alternating voltage component 
in their supply. Feeding anode supply from a.c. lighting mains, 
therefore, does not involve any differences in principle. The 
construction of a.c. mains equipment is, in fact, simpler. Suit¬ 
able a.c. converters have recently been manufactured on a 
larger scale following the principle of the pendulum converter 
mentioned above. Vibrators working at a frequency of about 
100 cycles are used, and are driven from batteries or d.c. 
mains. They give satisfactory performance over long periods. 
When feeding high tension units for cathode ray tubes, no 
limit is set by the maximum load, so that the tube may be 
heated from a special winding on the transformer. 

Considering the remarkable progress made with this type 
of converter the aforementioned equipments using thyratrons, 
etc., may easily be dispensed with. 

Finally, an entirely different method of converting direct 
voltage, for use with cathode-ray tubes, should be mentioned 
here. As distinct from the circuits previously described there 
is no a.c. component in the supply. The conversion is carried 
out by charging a limited number of condensers connected in 
parallel from the d.c. source, and then changing their arrange¬ 
ment to series connection before discharging, the switching 
being carried out by a vibrating or rotary device. Naturally 
the h.t. voltage is proportional to the number of condensers 
and the output is sufficient for all normal requirements. Con¬ 
verters of this type are widely used in industry, e.g. for testing 
condensers. 

3. A.C. Mains Equipment. As far as the production of 
voltages up to 500 are concerned, the usual mains equipment 
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used for radio is satisfactory. As the current consumption is 
small, half-wave rectification is sufficient. Altering the usual 

mains equipment from 
full-wave to half-wave 
rectification, using the 
same components, enables 
the voltage to be doubled. 
Care must be taken that 
the smoothing condensers 
are equal to withstanding 
the higher voltage with¬ 
out risk of breakdown. 
If necessary, the parallel 
connexion of the conden- 





lll- 

■ 



a 



1/iF^ 



1---^ 




Fig. 174 CiacuiT fob Anode Voltage 
FED FROM A.C. 220-500 V. 


sers can be altered to 
series connexion with 
corresponding altera¬ 
tions to the voltage 
divider. A. simple a.c. 
mains circuit in which 
ordinary radio compo¬ 
nents are used is shown 
in Fig. 174. Heating is 
carried out by means 
of an accumulator. If 
the tube used has an 
a.c. cathode, heating 
can be taken from a 
winding on the trans¬ 
former. The circuit of 
Fig. 174 complies with 
the requirements de¬ 
tailed above. A practi¬ 
cal example of apparatus 
using the circuit of Fig. 

174 is shown in Fig. 175. 

The various controls are 
easily accessible. The 
tube holder is fixed on 
the case. The trans¬ 
former in the equipment is prevented from causing distur¬ 
bance of the ray through its stray field by suitable orientation. 





Fig. 175. A.C. Anode Cirottit Equipment 
WITH Tube Mounting 
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Fig. 176 shows the circuit of an a.c. mains equipment which 
provides all voltages, including the heating supply for an 
older type of gas-filled tube. Various tappings from the high 
voltage winding of the mains transformer can be selected by a 
multi-contact switch. A protective resistance of 5*10^ ohms 
has been included at the highest voltages, and this should be 
short-circuited only in cases 

where the highest tracing ^ sooor^ 

velocity is demanded from 
the tube. The voltage of the 
cathode winding should 
advisedly be chosen only 
slightly higher than the 
highest permissible voltage 
for the cathode. By this 
method of design, a burn¬ 
out of the cathode through 
incorrect adjustment over a short period is avoided. The 
entire smoothing is provided by the two condensers. Special 
})rotective resistances are not necessary for this circuit as long 
as the smoothing condensers have the stated values. The only 
condition is that the transformer and rectifier valve furnish 



Fig. 176. A.C. Mains Unit fok 
All Voltages 



Fig. 177. A.C. Mains Unit for 1 500-3 000 v. Anode Potential 
Heating and Cylinder Voltage Continuously Adjustable 
{Leybold N.A.Q.) 


currents which are only of a few milliamperes. Valves with 
pure tungsten filaments, and formerly used for amplification, 
are suitable for rectifying high voltages. The tungsten cathode 
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with its low emission necessitates the current being limited 
to a low value, and at the same time requires an increase in 
the charging time which is of the order of 0*5 sec. 

Fig. 177 shows a mains equipment which has become 
quite general in nractice and whose circuit agrees closely with 
that of Fig. 176. 

High-vacuum tubes, as has been pointed out repeatedly, 
require anode volts of 3 000 or 4 000 for operation. Anode 
voltages up to 6 000 are used to obtain particularly high tracing 
speeds or brilliant television pictures. Furthermore, in the 



Fia. 178. Mains Equipment for High-vacuum anl> Gas Electron- 
RAY Tubes with Accelerating Lenses 

operation of these tubes, a positive voltage is necessary for the 
lens electrode which must be adjustable with accuracy to get 
the optimum sharpness of the spot. The range of adjustment 
should be variable between 0-2 and 0-3 of the anode voltage. 

Constant voltage regulation is also necessary for the negative 
bias of the brightness control electrode. This part of the supply 
should be capable of giving an adjustable range of — 100 volts 
to — 150 volts. Furthermore, a source of heating current 
capable of supplying 0*5 to 0*6 amperes at a maximum voltage 
of 4 is necessary. If the voltage has not at first been adjusted 
to the rating of the cathode-ray tube, it is desirable to set it at 
about 4-8 volts and adjust the current to its rated value with a 
variable resistance and ammeter. A simple circuit for the 
operation of modern tubes with accelerating lenses is shown 
in Fig. 178. With the relatively low current rating of modern 
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indirectly heated cathodes, and the effective screening of their 
magnetic fields, disturbance of the position of the spot they 
cause can be disregarded. In indirectly heated cathodes. 



Anode 

voltage 


Lens 

voltage 


Bias 

voltage 

Heating 


Kig. 179. Mains Unit in which there is Ample Smoothing fob 
Television Purposes 



Fig. 180. Mains-operated Equipment (Universal Type) for Anode 
Voltages up to 4 000 v. {Leyhold and von Ardenne) 

however, care must be taken that the heater terminal in 
Fig. 178 is connected to the pin of the tube base which 
leads directly to the equipotential surface. Another circuit for 
television purposes, in which smoothing is carried still further, 
is shown in Fig. 179. External and interior views of the 
equipment using the circuits of Figs. 178 and 179 are shown 
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respectively in Figs. 180 and 181. Special valves are essential 
for the rectification of high voltages, and the anode and cathode 
must be taken out at different points on the bulb. In addition, 



Fig. 181. Ikterior View of the A.C. Mains Eqt ipment of Fig 179 


the rectifier must have a relatively large anode spacing and 
stable cathode to prevent the latter being destroyed by 
strong electrostatic attraction. As the ray stream when the 
tube is in operation is small compared with the current of 
about 1 mA. in the voltage divider shown in the diagram, 
it is sufficient to design the transformer, rectifier and smoothing 
circuit so that the current in the circuit is rather more than 
1 mA. It is not advisable to increase the output of the rectifier 
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and the degree of smoothing much more than that shown in 
Fig. 179, as otherwise danger from high voltages would be 
increased unnecessarily. For instance, the resistance in the 
lead to the anode terminal has again been inserted simply to 
limit the current in the event of the parts carrying high voltage 
being touched accidentally by the operator. Complete mains 
operation which renders the tube ready for immediate use by 
the action of a single switch enables the apparatus to be avail¬ 
able in a form which satisfies all the requirements of a measuring 
equipment. 

II. Increasing Sensitivity ry Amplification 

The sensitivity of cathode-ray tubes varies between 2*0 and 
0-1 mm./volt according to the anode voltage and size of plate 
employed. In order to obtain fiuorescent figures wdth sensi¬ 
tivities of this order, which will attain a size of 10 cm., i.e. which 
will load the fluorescent screen fairly well, fluctuations in the 
instantaneous value of the incoming voltages over a range of 
50-1 000 volts are necessary. If sinusoidal voltages are involved 
and are to effect the loading mentioned, about 200 volts r.m.s. 
are necessary for tubes wdth a sensitivity of 0*2 mm./volt, and 
for tubes with a sensitivity of 2 mm./volt, 20 volts r.m.s. are 
necessary for deflection over the screen range mentioned. 
Voltages of such magnitudes are not always available, and in 
such cases it is necessary either to be satisfied with smaller 
patterns, which result ultimately in too low an accuracy in 
measuring, or to use amplifiers w hich wdll increase the voltage 
to be examined to an extent that voltages of the order given 
above can be made available. 

Amplifiers for increasing the sensitivity of the cathode-ray 
equipment must have not only the necessary degree of amplifica¬ 
tion which is the quotient of the input voltage to the tube 
and voltage being measured, but they must not introduce any 
distortion in the voltage characteristic under examination. 
The demands made on the equipment in this connexion are 
considerably greater than are required for ordinary high 
frequency and acoustic amplification. Distortion of voltage 
characteristic may occur as a result of the fact that amplifica¬ 
tion is not linear with amplitude or frequency. To avoid this, 
amplification must be the same for all frequencies which are 
present in the signals to be measured. If components below 
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26 eye. are present, and partieularly if very slow variations to 
the steady values are also to be amplified at the same time, 
reeourse must be had to direct coupled amplifiers. If frequency 
components lower than 1 eye. are absent, then special amplify¬ 
ing circuits with stabilized stages may be employed, thus 
avoiding the disadvantages of direct-coupled circuits. 

If frequencies below 25 eye. are not present, the usual a.c. 
amplifying circuits can be employed. The design of the ampli¬ 
fier becomes more difficult the greater the frequency band to be 
considered. Constant degree of amplification over a wide 
frequency range can be attained by using correctly designed 
resistance coupling. The performance of the amplifier in respect 
of signal amplitude depends on the linearity of the last stage, 
since by far the highest alternating control voltages are present 
at this point. The last valve in the amplifier must be capable 
of supplying undistorted sinusoidal voltages of 20-400 volts 
r.m.s. according to the sensitivity of the tube. This require¬ 
ment is unusual and not easy to fulfil. For this reason, the 
components of the last stage will next be considered in detail. 
The first step in designing a stage of am])lification is to con¬ 
sider the characteristics of the circuit to which the valve is to 
be connected. In the case under consideration, the plate 
resistance of the tube is to be matched. It was stated in 
greater detail above that the plate characteristi(i required 
a coupling resistance not greater than 10^ ohms for gas-filled 
tubes, or 10® for modern tubes. It is desirable in order to secure 
independence of frequency for the coupling to be a non- 
inductive resistance. Further, in such cases where no doubt 
exists about the frequency dependence, the tube should not 
be coupled through a choke or transformer, since distortion 
of the curves may easily occur with the large amplitudes present 
at this stage, and they are difficult to control. The last stage 
of the amplifier should be so designed, therefore, that it provides 
as high an alternating voltage in an undistorted form as possible 
across a resistance of 10^ or 10® ohms. In good modern valves 
it is possible to get characteristics in combination with anode 
resistances of the order of 10^ ohms which result in linear 
operation over a wide range. anode resistance is large 

compared with the internal resistance over wide limits of the 
characteristics in modern tubes. The result is that the charac¬ 
teristic is almost perfectly straight over a considerable portion 
of its path. The working characteristics of an example of a 
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normal triode (amplification factor 10) with an anode resist¬ 
ance of 10® ohms are given in Fig. 182 with various anode 
voltages. The characteristics follow practically the same out¬ 
line for other battery or mains valves with the same amplifica¬ 
tion. The range of perfect linearity in the characteristics 
has been indicated clearly in Fig. 182, and the most 
satisfactory point for operation is shown in the centre of this 
range. On another ordinate scale, the voltage drop across the 
anode resistance at the various anode current values of Fig. 182 
is shown. It is possible, therefore, to read straight off from this 



Fio. 182. Oi’EKATiNG Charactekistics of the ken 1104 Valve 
WITH AN Ajsoi:)e Resistance of lO"' Ohms and Varied Anode 
Voltage 

diagram the voltage range over which the valve has a linear 
characteristic when used with a resistance of 10® ohms. The 
lower limit set by the bend in the characteristic and the upper 
limit of the modulation range imposed by the existence of 
positive grid current, means that with an anode voltage of 700 
the undistorted voltage range available is about 560. At this 
high anode voltage the most favourable conditions are 
obtained, i.e. about 80 per cent of the voltage of the supply 
is available. This proportion decreases very quickly as the 
anode voltage drops. At 500 volts the undistorted voltage 
available is 370, at 300 volts about 190, at 200 volts about 100, 
and finally at 100 volts only about 10. From the examples 
given the anode voltage which must be available at the last 
stage of the amplifier to meet the sensitivity requirements of 
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the cathode-ray tube can be obtained by interpolation. For 
instance, in order to obtain an undistorted fluorescent figure 
of 10 cm. diameter with a tube of 0*2 mm./volt sensitivity, the 
anode voltage of the last stage must be at least 650, with a 
sensitivity of 0-5 mm./volt at least, 310 volts, with a sensitivity 
of 1-0 mm./volt. at least, 200 volts and 150 volts witli a sensi¬ 
tivity of 2*0 mm./volt. If a push-pull output stage is used 
(see below), the undistorted voltage available is nearly doubled. 
A circuit of this kind is therefore recommended also if sym¬ 
metrical output voltages are not necessary or desirable for 
other reasons. The anode voltages which are very high indeed 
are not detrimental to ordinary amplifying valves, since the 
anode losses are low. At the most they amount to 2-3 watts. 
About the same power is converted into heat in the anode 
resistance so that a high load resistance must be used. The 
diagrams and examj)les given will be suffi(*ient for the correct 
design of the output stage of the preliminary amplifier. In the 
linear portion of the characteristic the am])lification is almost 
always equal to w, where m = amplification factor (l/D). The 
voltage range in the penultimate stage controlling the output 
stage is smaller corresponding to the actual amplification. 
When the penultimate stage is operated irom the same high 
anode voltage as the last valve, the voltage range is always 
much greater than is essential for undistorted amplification. 
This also happens when a valve of higher amplification fac'tor 
is used to obtain greater gain in the output stage. In equip¬ 
ment where complete independence of frequency is demanded, 
it is desirable to use valves of the highest slope in the first 
stages. In amplifiers for increasing the sensitivity of cathode- 
ray equipment, the same type of valve with the same design 
is often used in all stages. In equipments with a high degree 
of amplification only the last stages dift’er from the fiist by the 
use of higher voltages and possibly mains operation. 

1. Pre-amplifiers for A.C. Voltages. The design of circuits 
for a.c. voltage amplifiers has been so thoroughly treated in 
the various textbooks available that it would be superfluous to 
cover the ground again here. The special points of construction 
of valve amplifiers for measuring purposes suitable for calibra¬ 
tion have been made the subject of special treatment on many 
occasions,and the methods of testing and calibrating them 
have also been discussed in detail elsewhere. 

Amplifiers for increasing the sensitivity of cathode-ray tube 
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equipment as outlined in greater detail above, are conveniently 
constructed with resistance coupling and all stages designed 
alike. One method of calculation^®^ for resistance amplifiers with 
similarly designed stages, which is readily understood, consists 
of regarding the amplifier as a heavily damped oscillatory 
circuit. Resistance amplifiers, which are free from frequency 
distortion over the range 100 to 8 000 eye., are widely used for 
radio and sound-film work. By making the coupling condensers 
between the valves larger, a limit to which is set by relaxation 
oscillations, the lower limit of frequency response can be 
extended to about 20 eye., depending on the internal resistance 
of the current supply. In fact, by inserting symmetrical 
stages, the lower limit can be brought down to less than 1 eye. 
without making the amplifier imstable. By using valves of 
low capacitance and impedance and by employing small coup¬ 
ling resistances, the upper frequency limit can be raised 
considerably. Resistance coupled amplifiers can be constructed 
with ordinary components which will give distortionless 
amplification of considerable magnitude over the range 
25-100 000 eye. The use of multi-electrode valves enables 
amplifiers which have no appreciable falling off in frequency 
response below 10® eye., to be constructed. The possibilities 
of so increasing the upper frequency limit have already been 
treated in detail. The characteristics which permit still further 
increase in the frequency limit to 10“^ eye. and the amplification 
of limited frecpiency bands in the region 4-10’^ eye. are also 
given ill another pa})erDuring the development of amplifiers 
for television transmission c*ii*cuits, designs liave been evolved 
which enable, even with ordinary commercial valves, frequency 
characteristics to be obtained which show a constant degree 
of amplification from very low frequencies up to 10® eye. 

In this connexion referencje may be made to an American 
publication.^®^ With the aid of the references quoted, it should 
certainly be possible to fix the design and circuits of amplifiers 
which must have special characteristics for particular problems. 
For most problems occurring in practice, the amplifiers and the 
design discussed below in this section will be sufficient. Distor¬ 
tion in the characteristic form of curve which occurs when the 
voltage to be measured has components which are near or out¬ 
side the frequency range of the amplifier is difficult to deal 
with. Phase displacements which occur near the frequency limits 
of the amplifier cause considerable variation in the outline of 

14 —(T. 36 ) 
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the curve. Obviously, therefore, the amplifier should not be 
used near its frequency limits. Distortion caused by the upper 
and lower limits of frequency response in a resistance-coupled 
amplifier has already been investigated elsewhere for a particu¬ 
larly simple characteristic curve. 

In some cases, only narrow frequency bands have to be 
amplified. In this connexion reference may be made to the 
investigation of modulated high-frequency oscillation. Tuned 
oscillatory circuits can be used for the amplification of narrow 
frequency bands, not only for coupling the valves, but also 
the cathode-ray tube. It is merely necjessary to ensure—perhaps 
by artificial damping in the circuit—that the resultant tuning 
band is at least two or three times the width of the frequency 
band under observation. If this condition is fulfilled, critical 
alteration of the shape of the curve due to frequency distortion 
and phase displacement need not be anticipated. As tuned 
amplifiers are only infrequently necessary, mostly for high- 
frequency technique, and as their design is familiar to every 
technician, it is not necessary to go further into details here. 
It is possible, whether tuned or aperiodic amplifiers are used, 
that unavoidable changes in the degree of amplification and 
distortion of the curve will result from a tendency to oscillate. 

The greater the amplification in the preliminary amplifier, 
the greater the back-coupling factor and the greater the possi¬ 
bility of disturbances through tendency to oscillate. In the 
usual circuits for measuring with the cathode-ray tube, the 
deflection plates connected with its lead-in wires to the output 
of the amplifier are not generally screened, and in addition, for 
convenience, the measuring circuit connected to the amplifier 
input is also unscreened. The back-coupling factor in such cases 
often reaches a value of i0~® or 10“^, especially when there is 
a high input resistance in the amplifier, so that amplifications 
of 10® or 10^ are quite sufficient, with suitable phase relationship, 
to give rise to oscillation. Consequently, in the case of amplifiers 
with more than two stages, and especially those with a high 
input resistance, the usual precautions which are taken during 
the manufacture of stable amplifiers and receivers should be 
extended to include the input and output circuits. In order 
to reduce the back-coupling factor which almost always depends 
primarily on the distributed capacitances between the input 
and output circuits, various methods can be adopted. Either 
the input or the output circuit of the amplifier with the 
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corresponding conductors must be screened. At the same time, 
of course, the amplifier itself, or at least the stages near the 
screened input and output, must be completely shielded. It 
depends on circumstances whether the input or output is 
screened. If it is the output then it will be necessary to 
surroundthe whole of the cathode-ray tube with a metallic screen. 
This is very easily done in the case of a tube which is externally 
metallized over the greater part of its surface. The effective 
value of the distributed capacitance, due to the surface left 
unscreened for the [)urpose of observation, is small enough to 
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Fig. 183. Ciiicuit for a Mains Pre-stage Amplifier which will 
S ui’PLY 200 V. K.M.S. Undistorted A.C. Voltage 
(M ax. aiiiplilloation 70; constant ov(T Irociuoiicy raiif?P 25-20 000 cyoleH) 


be negligible. The use of stable screened amplifiers with screen¬ 
ing of the input and out])ut circuits enal)les stability to be 
secured with voltage ain|)lifications u]) to 10" or 10^ which 
re])resents the maximum demand likely to be made on the 
a[)[)aratus. Very much less is sufficient for the treatment of 
most ])roblenis. In fact, in most cases the voltage to be mea¬ 
sured is ()-5-l-0 volt or more, and in such instances two stages 
of amplification are sufficient to give full deflection of the ray 
over the whole screen. 

Fig. 183 shows a circuit and values of components for a 
two-stage amplifier operating entirely from lighting mains. 
Here, the maximum amplification is about 70 and the amplifier 
is linear for all frequencies between 25 and 20 000 eye. The 
anode voltage of the tube is about 700; the undistorted anode 
alternating voltage which the amplifier can supply is therefore 
ample for obtaining large ray deflection with a comparatively 
insensitive tube. A capacitance coupling is provided at the 
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output as well as the input, so that fluctuations, i.e. alternating 
voltages, can be traced. For calibrating the amplifier, which 
can be carried out most simply by the method described below, 
it is desirable to adjust the resistance in the primary circuit 


«'■ * 



Ftg. 184. Exteriok of a Two-stac.e Mains Amplifier which can 
RE Calibrated 

of the mains transformer so that the voltage is 10-15 y)er cent 
less than the mains voltage. Fluctuations of mains voltage can 
then be eradicated by adjusting the resistance. For correct 





Fig. ISf). Inside View of the Amplifier Unit 

adjustment, the anode current of both valves is measured. To 
fix the conditions of operation it is only necessary to adjust 
the anode current to that which existed at the time of calibra¬ 
tion. An amplifier built according to the circuit of Fig. 183 
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is shown in Fig. 184. The interior view of the same set is 
shown in Fig. 185. The mains section supplying alternating 
voltages of 1 000 volts upwards on the h.t. side is screened 
metallically to exclude disturbances from the amplifying sec¬ 
tion. The compact mains amplifier described has proved 
efficient for laboratory operation. If the measurement of 
voltages less than 1 is to be undertaken, a battery-operated 
amplifier with the requisite number of stages in front of the 
two-stage amplifier described is recommended. Additional 
preliminary stages operated from the mains are only suitable 
when adequate smoothing is available. If the voltages to be 
measured are so small that a multi-st»ge preliminary amplifier 
is necessary to precede the final two-stage amplifier, it is 
extremely desirable to run the former entirely from batteries. 
The alternating undistorted voltages supplied by the last stage 
of the i)reliniinary amplifier are, as a rule, higher than 1 volt, 
so that the two-stage power amplifier and the cathode-ray tube 
can be fully loaded. The upper limit of frequency in the 
amplifier of Fig. 183 can be raised to about 100 000 eye. when 
resistances of 3*10^ ohms capable of carrying a heavy load 
are substituted for the anode resistance of 10*^ ohms. At the 
same time, importance should be attached to the necessity 
for having a potentiometer of low self capacitance for con¬ 
trolling the amplification. The circuit for a three-stage 
mains amplifier is shown in Fig. 186, and differs from the 
two-stage unit discussed, in that the last is a push-pull stage 
to facilitate the supply of deflection potentials symmetrical 
to earth. The construction of the last stage shown should be 
adopted in principle for all equipment which is used in conjunc¬ 
tion with high-vacuum tubes. It is also to be recommended 
for gas-filled tubes, in order to obtain the maximum sharpness 
of the spot and also double the output voltage. As there are, 
in the first stages, no voltages which are symmetrical to earth, 
and transformer coupling cannot be used for fear of amplitude 
and frequency distortion, the control voltage of the symmetrical 
stage is not directly available. In the circuit of Fig. 186, as 
also in the push-pull thyratron equipment discussed below, this 
is obtained as a voltage tapped from the anode resistance and 
fed to the symmetry stage. The division of the voltage should 
be so arranged that there is finally the same voltage amplitude 
at the grid of the symmetrical stage as at the grid of the main 
stage. This requirement, as also the control of the symmetrical 
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stage, can be met very easily by arranging for the deflection 
plates of the cathode-ray tube to be connected, preferably 
between the output terminal of the main stage and earth, or 
between the output terminal of the symmetrical stage and earth. 
Equal deflection voltages must occur in each case. Freedom 
from phase errors can be demonstrated by connecting the 
output terminals to one plate of the two pairs, while the other 
is earthed. A straight line inclined at 45° to the main axis 



Fio. 186. Diagram of a Measurini, Amplifier with Symmetrical 
Output Voltage 


should in general appear. An ellipse indicates a phase dis¬ 
placement due to incorrect design of the circuit. As is otherwise 
usual in this type of push-pull stage, the voltage division does 
not occur entirely at the anode resistance, but in the grid 
circuit of the symmetrical stage, the resistance being designed 
accordingly. This gives the advantage that the mains hum is 
also reduced. With this method much less smoothing than 
usual of the mains unit is required. 

Since the amplifler and cathode-ray tube are independent 
of frequency down to very low limits, calibration is quite 
simple. Calibration of the whole equipment is possible by 
applying it to the amplifier and cathode-ray tube separately, 
but it is simpler and more accurate when the two are considered 
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as one unit and calibrated as such. Calibration can be carried 
out in several ways. If the amplifier and tube are independent 
of frequency down to 50 eye., it can be done with ordinary 



Fig. 187. Cikcltit Used for Calibkation on 50 cycles A.C. Supply 


alternating current measuring instruments. A simple circuit 
for this purpose using 50 eye. a.c. is shown in Fig. 187. A 
current which can be read on a soft iron instrument is adjusted 



Fig. 188. Voltage Calibratincj Equipmknt 

by a rheostat R, and this results in voltage drops of known 
values over the given resistances. 

The voltages are communicated to the amplifier by the key 
provided. The whole calibration of the apparatus results in 
a definite line on the fiuorescent screen of the cathode-ray tube. 
In order to test for the linearity which should exist if the 
design is correct, and in fact to calibrate for various degrees 
of amplification, the use of mains equipment proves satis¬ 
factory (Fig. 188). With the help of a few definite voltages 
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spread over a certain range the output controls provided in 
the various amplifying circuits can be graduated. Calibration 
of an amplifier control can be done even more simply, but less 
accurately, from the measurement of the decrease in length of 
the trace. Assuming linearity, this decrease corresponds directly 
to the decrease in amplification. Another method of calibration 
requiring only known direct voltages is used in the circuit of 
Fig. 189. Here, a direct voltage of known magnitude is applied 
to the amplifier input for a short time by means of the key. At 
the moment of depressing the key a deflection of the spot, which 
is easily observed, takes place, and its magnitude corresponds 
to the voltage at the input terminals. The period during which 



I- 

Voltagt measured 
\ _ 

Fig. 189. Circuit for Calibration Usinq a Known D.C. Voltage 

the fluorescent spot remains deflected after depressing the key 
depends on the time constant of the amplifier. If the lower 
frequency limit is at about 20 eye., as in the case of the ami)lifier 
whose design is treated in this chapter, then the time required 
for the condensers to regain their initial state after equilibrium 
has been disturbed by the d.c. voltage is sufficiently long to 
permit the deflection to be observed. It is thus possible with this 
circuit to calibrate the unit from a d.c. source. It has already 
been stated that it is necessary to connect further stages in front 
of the preliminary mains amplifier if the voltage to be measured 
drops below about 0-5 volts r.m.s. The circuit of a battery-oper¬ 
ated amplifier, which increases input voltages of 10~® volt to the 
value of 1 volt, and maintains this 10® fold amplification over 
the frequency range 30-100 000 eye., is shown in Fig. 190. 
This diagram, which shows the most suitable values, also shows 
which decoupling circuits are necessary to secure the specified 
efficiency. By the aid of this diagram, it will not be difficult 
to make up amplifiers with lower stage gain, the efficiency 



5.10 


ACCmBOmBB 


203 


being suited to the problem in hand. To reduce back-coupling 
to the input circuit which in Fig. 190 is connected to a photo¬ 
cell for the registering of rapid light fluctuations, a screen-grid 
valve is used in the first stage. Great care should be taken 
that a valve with negligible microphonic noise is used in 
this stage. To obtain a good frequency characteristic, 
anode resistan(;es of relatively low value are used, and the 



Fkj. 190. DrAORAM of an Amfltftrr for Stai»lk Voltaoe 
Amplifk’ation ri’ to JO*' ovkr a Hanok of IlO-iO® Cyclks. 


amplification j)cr stage is about 8. All stages, however, are 
not used to this extent. An inductance is included in the 
anode circuit of the third stage and this, together with any 
capacitance available, produces a resonance effect near the 
upper frequency limit of the amplifier. Although this resonance 
is damped by a resistance of several thousand ohms also 
included in the anode circuit, this component brings about 
an extension of the frequency curve at the upper end, and so 
raises the range of constant amplification. A similar component 
can also be placed, with advantage, at the output side of 
the amplifier, between the last stage and the two-stage mains 
amplifier which may be used after it. This method of removing 
distortion is often used in all stages of modern television 
amplifiers for frequencies up to 10^ eye. and over. The fourth 
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stage of the amplifier in Fig. 190 is not used at full gain. One 
stage can be cut out, if desired, by the switch S, In order to 
eliminate the effect of the high capacitances introduced by this 
switch, the anode resistances chosen are very small. This stage 
serves merely as a phase reversal, which is occasionally neces¬ 
sary in a few problems involving measurement, and especially 
so in television work. In the last stages of this measuring ampli¬ 
fier the grid leads are also connected to special terminals which 
makes the cutting out of subsequent stages easier for the pur¬ 
pose of reducing the total amplification. Decoupling is provided 



Fig. 191. Complete Amplifier with First Stage 
Connected at the Side 

in each anode circuit of the various stages. The heating circuits 
of the first and last stages are also separated. It is desirable 
that the amplifier should be divided at the same point, and 
that a metal shield should be inserted to remove the possibility 
of back-coupling. If the amphfier is used to its full capacity, 
it is desirable for both sections of the unit to be operated by 
separate anode batteries. If it is essential, in order to amplify 
frequencies of less than 30 eye., to use larger coupling condensers 
than those specified, the tendency to produce relaxation 
oscillations can be reduced by feeding the even stages from one 
battery and the odd ones from a second battery. A number 
of instruments- are provided in the amplifier of Fig. 190 for 
controlling the operating voltage and the most important 
currents. The amplifier embodying the circuit of Fig. 190 is 
shown in Fig. 191. The arrangement of the first stage in a 
separate small box with connexion at the side has proved particu¬ 
larly useful in this screened metal box construction. In this way 
it is possible, without making alterations to the main amplifier, 
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to adjust the input circuit stage easily to the measuring 
problem in hand. In order to reduce the effect of mechanical 
vibration, which is unavoidable when the amplifier is used to 
the limit of its capacity, it is desirable to stand it on an infiated 
cycle tyre. Further details of construction of an older type of 
television amplifier can be seen from the interior view shown 
in Fig. 192. 

When the amplifier is used almost to its fullest extent and the 



Fk, 1M2. Inside View ob the MEASiTKrN(, Amplifier 


two-stage amplifier described above is also connected, it is 
possible to amplify the Schrot voltage, the level of which is about 
10 volts, to 100 volts. In fact, the irregularities of the electron 
stream in the first stage of the amplifier have been oscillo- 
graphed in this way. It is, however, unusual to load the 
amplifier fully. Details in the outline of small voltages can only 
be oscillographed if the Schrot voltage is of a second or lower 
order. The upper frequency limit has been raised to 10® eye. 
by using similar circuits which differ from the amplifier in 
Fig. 190 in a design which is almost free from self-capacitance, 
and which uses high quality valves. ^®^^ Many phenomena 
which undergo changes in a period of O’OOOOl sec. and in which 
low voltages insulBcient for direct deflection of the cathode 
ray are involved, can only be oscillographed by means of 
special amplifiers. 
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2. Direct-coupled Amplifiers. Coupling the amplifier stages 
through resistances and taking the grid voltage directly from 
the anode resistance of the previous stage, is the only way of 
amplifying very low frequencies (under about 20 eye.), particu¬ 
larly in the case of slow voltage changes which extend over 
times exceeding several seconds (< 1 c.p.s.). The principle of 
the circuit of a direct-coupled amplifier is shown in Fig. 193. 
Each stage in this circuit has its own source of anode volt¬ 
age and its own heating battery, where indirectly heated 
valves are not used. To ensure that the second valve re¬ 


I 


ceives the necessary negative grid voltage—several volts—a 

- tapping must be provided at the 

source of anode current in the 

first stage. This tapping must 

naturally be selected so that not 

^ only is the voltage drop in the 

anode resistance compensated, 

but also that there is sufficient 

- voltage in addition for satis- 

I factory grid bias on the second 

i i >^ stage. In Fig. 193 the pair of 

-T plates of the cathode-ray tube 

-is connected directly across the 

anode resistance of the second 
OF A Direct-coupled . i i 

Amplifier stage. By Suitably arranging the 

tapping on the source of anode 
voltage at this stage, no direct voltage will reach the plates as 
long as the amplifier is in the quiescent state. 

Many suggestions with the object of reducing the cost of the 
current su])plies have been put forward. In one circuit, the 
idea of using one d.c. source of relatively high voltage for the 
anode and grid circuits has been suggested. The various stages 
are then operated from the total voltage by means of a con¬ 
siderable number of judiciously placed tappings. Only a part 
of the total voltage is effective as anode voltage at each stage. 
This circuit does not appear to be very suitable for use with the 
cathode-ray tube for which fairly high anode voltages must 
be available especially in the last stage. Fig. 194 shows a 
simplified circuit suitable for problems such as have been 
mentioned. This circuit, which, with the values stated, can only 
be used at frequencies below 1 000 eye., permits of further in¬ 
crease in amplification by a kind of resistance reaction coupling. 
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The back coupling arises from the fact that part of the anode 
resistance of the second stage is also in the grid circuit of 
the first stage. To secure stability and freedom from frequency 
distortion in the amplifier, this reaction coupling must not be 
made too great. Should constancy and ease of calibration of the 
amplifier be required, auxiliary amplification due to the reaction 
coupling resistance of Fig. 194 should be dispensed with and the 
latter short circuited. Correct adjustment of operating points 
is best carried out from stage to stage. It is important that the 
grid battery, GB, has such a voltage that in the last stage opera¬ 
tion takes place at the centre of the range of control. This can be 
easily controlled by referring to the instrument provided in 



Reaction Coupling 

the anode circuit of the last stage. Should the operating point 
of the last stage vary in consequence of changes in emission, 
battery discharge, or as a result of a d.c. component at the 
input side, the correct operating point can be re-established 
by fine adjustment of the grid voltage of the first stage by 
means of the potentiometer provided. The main difficulty 
with d.c. amplifiers is to keep the operation of the valve at a 
suitable point in each stage; especially, of course, the last 
stage. The higher the total overall amplification, the smaller 
will be the changes on the input side sufficient to displace 
seriously the operating point of the last stage. If, for instance, 
in the course of measuring an alteration in the grid voltage 
amounting to 1 volt is available in the last stage, which is the 
maximum permissible with an amplification of 10® in the pre¬ 
ceding stages, a direct voltage change of xnVo Riust not take 
place at the grid of the first stage. This example shows forcibly 




208 


CATHODE^RAY TUBES 


that with high direct voltage amplification very exacting de¬ 
mands are made on the constancy of the current sui)plies and 
the valves. Operation by mains equipment is not practicable 
when the amplification exceeds 100. The use of anode voltage 
from mains supply is recommended only for the last stage. 
Mains equipment with neon stabilizers gives more satisfactory 
results. A direct-coupled amplifier with high-impedance screen 
grid valves with two stages of neon stabilization has been 
described elsewhere by the author. By selecting suitable 
valves and other components, amplification of the order of 10^ 
becomes possible. In principle, mains heating for direct-coupled 



Fig. 195. Very Efficient and Easily Adjustable 
lliHKCT-c()upLEi> Amplifier Circuit 


amplifiers should be avoided. Indirectly heated valves give 
poor results even when heated from batteries, as their emission 
shows frequent and considerable variation. Satisfactoiy ex¬ 
perience has been gained with modern battery valves, the 
cathodes of which have been made according to the barium 
vapour process and also with the older types of tungsten valves. 
Valves with tungsten cathodes are, of course, only used when 
good response is not required up to medium or high frequencies 
in the direct-coupled amplifier, on account of their poor 
efficiency. Fig. 195 shows a very useful, efficient, and 
easily-adjusted amplifier circuit constructed by the author. 
Adjustment of the amplifier is made from stage to stage. In 
principle, the first stage functions at the correct operating 
point, since the grid voltage here is definite, and no very great 
changes can occur owing to the low voltage measured. By 
adjusting the potentiometer in the anode circuit of the first 
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stage, the correct grid voltage of the second is so adjusted 
that the ammeter in the second stage shows a mean value. 
In the same way the third and last stages are adjusted. If any 
kind of fluctuation occurs in the amplifier, its cause and 
magnitude can be read oif easily on the anode ammeter, and 
any readjustment necessary can be made very easily. If a 
large accumulator is used for heating, and secondary cells for 
the source of anode and grid voltages, and if arrangements are 
made for the heating to be switched on a few minutes before 
use, a constancy sufficient to enable the amplifier to be used 
to its full extent will result. The amplifier has a voltage 
amplification of about 3 000 and operates with the values 
given, free from frequency distortion over the range 0-10^ eye. 
Direct-coupled amplifiers cannot be considered for amplification 
of the order of 1()‘'''-10® necessary in the treatment of some 
problems. At such high amplification, the fact that the condi¬ 
tions under which one stage operates affects the operation of 
all the other stages, and inevitably leads to fluctuations and 
instability, is a characteristic disadvantage. If extremely 
effective amplification of very low frequencies is demanded, 
there only remains the use of carrier current amplification which 
has already found many adherents in television transmission 
problems. 

A.c. amplifiers are used here. The voltage to be measured 
is interrupted at a frequency which is high compared with the 
highest frequency component in it. Mechanical methods are 
seldom employed. Interruption is effected most satisfactorily 
in the medium- or high-frequency range by means of a high- 
vacuum tube which is controlled by an external circuit. If 
high carrier frequencies are not necessary, interruption by 
means of thyratrons would appear to be satisfactory. In the 
carrier current method the a.c. amplifier must operate inde¬ 
pendently of frequency within the range limited by the sum and 
difference of the carrier frequency, and that of the voltage 
under observation. The methods of introducing the carrier 
frequency, in fact the theoretical and practical considerations 
of modulation and de-modulation, are noted in detail in the 
literature mentioned above. A further discussion on this point 
would be superfluous, since amplification by carrier frequency 
for increasing sensitivity is seldom used. It may be merely 
stated here that it is not sufficient for oscillography to select 
the carrier frequency so that the highest frequency differs from 



210 


CATHODE-RAY TUBES 


the amplified frequency by two or three times. On the con¬ 
trary, in amplifying for oscillography it is necessary for the 
carrier frequency to be at least of a higher order than the 
highest frequency to be amplified, in order to ensure that the 
carrier frequency does not appear in the oscillograms. 


ITT. Accessouy Equipment fok (^invertino a Variable 
UNDER Investigation into a Measurable Voltage 

1. General. The cathode-ray tube with or without the 
assistance of a preliminary amplifier is capable of recording 
the outline of alternating voltages between 10“^ and 500, and 
can therefore cover a range of more than seven octaves. The 
tracing of periodically varying alternating currents of large 
amplitude is also possible with the cathode-ray tube. Tracing 
of current can be carried out directly by magnetic deflection, 
but in such a case the ranges of amplitude and frequency are 
limited as described in detail jireviously. The method of 
indirect measurement of current by means of electrostatic 
deflection is more general. In this case, the voltage droj) 
across a resistance or voltage divider is oscillograj)hed. By 
nieans of amplifiers, the range of measurement can be ex¬ 
tended to small currents. For heavy currents, measurement 
is limited by the stray field from the main conductor. In all 
cases, precaution should be taken to see that the stray field 
of the circuit connected to the oscillograph shall be eliminated 
by suitably arranging the distance between the two or by the 
use of efficient screening. 

The fact that voltage and current fluctuations can be recorded 
means that it is possible to trace fluctuations in any process, 
providing suitable methods of conversion are available. For 
instance, it is possible to trace fluctuations in the strength of 
high-frequency electromagnetic fields, variation in intensity of 
magnetic fields, changes in heat radiation, fluctuations in light, 
etc. It is possible to record changes in pressure and sound, 
small changes in length and similar variables by means of the 
cathode-ray tube. In order that the record shall be a faithful 
reproduction of the original variable characteristic, care must 
be taken that not only the cathode-ray tube, possibly connected 
to the output of an amplifier, but also the transformer which 
may be employed during the course of measurement, shall 
have linear response in amplitude and frequency over the 
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ranges covered. The limits set by the cathode-ray tube and 
amplifier, and the methods of extending these limits in any 
desired direction, have been discussed thoroughly above. When 
the oscillograph is used to full advantage it is possible to secure 
independence of frequency over the range 0-10® eye. with ample 
freedom from amplitude distortion, and is sufficient for all 
normal purposes. In the majority qf cases, frequency perform¬ 
ance is determined entirely by the coupling transformer. 
Before starting to make measurements it is advisable to estimate 
the frequency components which exist in the circuit under 
observation. On such an estimate can be determined the range 
over which the transformer must shov’ no frequency distortion. 
The accuracy of such an estimate should be checked during 
subsequent measurements. In order to avoid corrections, the 
design and dimensions of the transformer should be chosen so 
that it has the required frequency characteristic. As also in the 
case of frequency, so the upper and lower limits of amplitude 
should be estimated. With regard to the upper limit, tests 
should be made to see whether the transformer already has non¬ 
linear characteristics. Tests should be made in respect of the 
lower limit to see whether the measured amplitude under observ¬ 
ation is large (at least ten times) compared with the disturbing 
amplitudes. In principle the amplitude of unavoidable dis¬ 
turbances cannot be reduced below 10~® volts, since this value 
is determined by the transmission of electrons in the first stage 
of the am])lifier used. (Schrot effect.) 

2. Voltage Dividers. In principle, voltage dividers of very 
varied forms are used in the tracing of all kinds of electrical 
and other phenomena. Fundamentally, voltage dividers consist 
of circuit combinations of resistance, inductance and capaci¬ 
tance. To secure the widest frequency range, it is desirable 
that voltage dividers should be made entirely of non- 
inductive resistances, capacitances or inductances. In practice, 
however, pure ohmic, inductive or capacitive voltage dividers 
cannot be produced. How far the effect of resistance compo¬ 
nents is going to be detrimental must be estimated or tested 
before work is started. The most appropriate form of voltage 
divider is that consisting of non-inductive ohmic resistances. 
The advantage of the ohmic resistance divider lies not only 
in the fact that the division is the same for low, medium and 
high frequencies—provided it is suitably designed—but in 
addition the load on the divider remains constant. This is of 
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particular importance when the divider is used in conjunction 
with a source whose internal resistance is not very small 
compared with the total resistance of the divider. This is, for 
instance, the case in amplifiers where resistance dividers are 
primarily used for adjustment. The disadvantages peculiar 
to the resistance divider are apparent on the one hand from its 
construction, and on the other from the space occupied in 
the circuit. 

The following are some types used as voltage dividers: wire 
resistances, fiuid resistances and, particularly, the high resist¬ 
ances composed of a thin layer of conducting material, generally 
fixed to a ceramic base. Nearly all resistances change in value 
with high voltages or currents unless provision is made to 
secure constancy by increasing their length and thereby the 
radiating surface. With large division of resistance partial 
shorting may be expected owing to the parallel capacitance. 
For instance, when the capacitance of the amplifier is 20 ^/^F. 
and a frequency range up to 100 000 eye. is required, the 
resistance divider must not exceed 30 000 ohms. With smaller 
resistances, the self-induction which causes an increase 
in resistance in the higher frequency range is serious. By 
using thin resistance wires, possibly bifilarly arranged, divided 
resistances of several ohms which arc independent of fre¬ 
quency up to 10® eye. can be produced. If large ratios of divi¬ 
sion are required for special purposes, and if these are to be 
independent of frequency over a wide range, they are best 
obtained by connecting several dividers in series instead of 
using one unit. By welding the resistance wires in such cases 
directly to the previous unit, dividers which are constant up 
to lO"^ or 10® eye. can be produced.Capacitances must be 
reduced to a minimum if it is feared that frequency distortion 
may result from their existence. This can be done by using 
short connecting leads, valves with spaced grid leads in the 
first stage, and also by employing low-capacitance supports. 
The capacitance in parallel with the high resistance of the 
divider can be reduced by screening all conductors to one end 
of the resistance, in which case the capacitance of the large 
resistance decreases and only the capacitance which is in 
parallel with the total divider, and which is usually of no 
importance, is increased. This method is shown diagram- 
matically in Fig. 196. The capacitance in parallel with the 
large resistance is reduced to a fraction of a centimetre by the 
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screening, which should be extended to the end of the resistance.' 
Values of several hundred thousand ohms can, therefore, be 
used as the main resistance when independence of frequency up 
to 100 000 eye. is required and of 10^ ohms up to 10® eye. For 
many purposes where constant regulation is desired, good 
service may be obtained from the potentiometers used in 
high frequency work which can be obtained in practically any 
size. Resistances of semi-conducting material, particularly 
those with insulated covering, should be used instead of wire 
wound resistances. Capacitive voltage dividers are mainly used 
where independence of frequency is required over a wide high- 
frequency range. The arrangement is 
of practically no value for low fre¬ 
quencies, since the -reactance of the 
condensers becomes large enough to 
be comparable with the unavoidable 
leakage resistances. The capacitive 
divider is used down to 50 eye. only 
under conditions of large division, i.e. 
particularly where measuring high vol¬ 
tage where relatively high capacitive 
dividers are possible and in fact 
necessary. 

On the other hand, if the capacitance 
from which the measured voltage is to 
be taken is small—and this is frequently the case in high 
frequency work—the change in capacitance, which results from 
the addition of the grid-anode capacitance of the valve in the 
first stage, must be negligible, i.e. a screen-grid valve must be 
used or the first stage omitted entirely. 

The same procedure is recommended for resistance dividers 
whose values exceed 50 000 ohms, because the apparent value 
of the grid resistance due to anode reaction is frequently of 
this magnitude.One disadvantage of capacitive and 
inductive regulation is the fact that the frequency and the 
load are not independent of one another, and this can only 
be ignored when either the resistance of the source is very 
small or the total resistance of the divider very large. 
Conditions are particularly xmcertain when, in order to secure 
constant regulation, one of the two capacitances of the divider 
is variable, and the divider then constitutes a load which 
depends on the way the division is made. Variations in load 



Fig. 196 . Non-inductive 
Resistance Voltage 
Divider with Screened 
Leads 
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with respect to the conditions of division can be compensated 
by special construction of the regulator. Fig. 197 shows 
a capacitive voltage divider as used by Vieweg and Pfestorf 
for tracing the secondary voltage curves of high-voltage test 
transformers by means of the cathode-ray tube. 

The spherical condenser belonging to a Haefely peak value 
measuring equipment which consists of a sphere of 750 mm. 
diameter, carrying the high voltage, and a hemisphere forming 
the measuring circuit, constituted a high voltage air condenser. 
The capacitance in this ease at a distance of 60 mm. (for 
voltages up to about 70 kV.) amounted to about 10 ////F. and at 
a distance apart of 300 mm. (for voltages up to about 350 kV.), 

2‘5 jujbiF. Condensers of the 
low voltage, mica type whose 
capacitances could be varied 
between 1 000 and 25 000 juF. 
were used. The self-capaci¬ 
tance of the deflecting plates 
Surye ^ y y Mwured voltage with conductors amounts to 
arresferK^ \ J | only a few ////F. and can be 

-1 ignored. A surge-arrester pro- 

tects the low voltage con- 

Fio. 197. Capacitance Divider kor densers and the cathode-ray 
High-voltaoe Measurements tube. Voltage dividers con¬ 
sisting of pure inductances are 
relatively of little importance, since their range of use is very 
limited and they exhibit various fundamental disadvantages 
associated with circuit design. In practice, the most important 
of these is the fact that as a rule the voltage division and the 
position of the tapping are not linearly related to each other, 
and the division is therefore uncertain. In addition, owing to 
self-capacitance and additional circuit and tube capacitances, 
dividers of this type exhibit resonance phenomena, which may 
be within or not far removed from the upper limit of the 
frequency of the circuit being measured, inductive division 
is also unpopular through the necessity of finding the 
point of self-resonance and ascertaining to what extent 
resonance affects the calculated ratio of division in the fre¬ 
quency range concerned. Furthermore, the inductive divider 
is more difficult to calibrate than the pure ohmic or capaci¬ 
tance divider. The use of inductive dividers is limited practi¬ 
cally to oscillatory circuit devices, where a tapping on the 
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self-inductance fixes the desired division with certainty, when 
the input resistance of the amplifier or oscillograph connected 
is large compared with the impedance of the divider at the 
frequency in question. 

Calibrated couplings‘possess similar disadvantages and yet 
these, especially in the forms designed by E. Klotz,^^'^^ have 
gained some importance where very wide divisions (10® : 1 or 
more) are required, as for instance in receiver measurements. In 
spite of this, it would appear that when wide divisions are neces¬ 
sary several resistance or capacitance dividers in series have 
recently taken the place of calibrated couplings. It is absolutely 
essential when making wide divisions, that the greatest care must 
be taken to see that coupling from the high voltage side to the 
divided voltage side does not take place. As soon as the ratio 
exceeds 100: 1, separation in position, or even better careful 
screening of the high voltage side from the divided voltage, 
should be arranged to avoid the production of uncontrollable 
disturbances. Finally, with extremely high ratios, two or 
three screens placed inside one another become necessary. The 
forms of calibrated inductive couplings indicated, are hardly 
of any value in oscillography. The required freedom from 
frequency distortion can, in their case, only be attained by 
introducing excessive damping, as a result of which their 
performance is greatly affected simultaneously. Moreover, 
owing to the presence of iron cores, freedom from amplitude 
distortion cannot be secured. 

3. Measuring Transformers for Coupling Magnetic or Electro¬ 
magnetic Fields. The })roduction of measurable voltage from 
pure electrical a.c. fields has already been discussed above 
under the remarks on capacitive voltage dividers. The circuit 
and method of measurement to be used for examining a.c. 
magnetic fields depends greatly on the strength of the fields 
in question. The simplest method of measuring consists in 
allowing the field to act directly on the cathode-ray stream. 
Further details of such methods are to be found in the section 
dealing with magnetic deflection and also in a later part of the 
book. A different method suitable, however, only for field 
strengths above about 10 oersted max. is the use of a magnetron 
in the first amplifying stage. Here, also, direct magnetic in¬ 
fluence on the electrons in the tube takes place.^^®^ The use of a 
search coil of small dimensions would appear most suitable for 
exploring the field from point to point, and for those not 
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covering a wide area.^^®^ The alternating voltage Vf induced 
in the search coil at a field strength H amounts to 

Vf = 4*44 J.n.fi.H.A, IQ-® volts . (43) 

where / is the frequency, 7i the number of turns in the coil, 
fji the permeability, and A the area of section of the coil = 1 
for coils having no iron). 

Since in order to secure as great a freedom as possible from 
frequency distortion, the self-inductance and capacitance of the 
coupling coil must not be great enough for the resonant fre¬ 
quency to approach the frequency under observation, the 
number of turns, and therefore the induced 
voltage is limited. Consequently, in the 
examination of weak fields, the use of 
amplifiers is practically always necessary. 

For very large magnetic fields, a bismuth 
spiral as a coupling unit can also be used, 
the changes of resistance of which in the 
alternating field are oscillographed as 
current fluctuations in the usual way. 
The bismuth spiral can only be used as 
a coupling device up to frequencies of 10^ 
eye. as a maximun. A pronounced direc¬ 
tional effect is present with the various 
coupling transformers mentioned here, particularly coils in 
which voltages are induced. This directional effect enables the 
configuration of the lines of force to be understood. In order 
to obtain the correct value of field strength, the exploring coils 
should be oriented so that the induced voltage is a maximum. 
The field under examination will be generally much less intense 
than a magnetic field since the source of radiation will usually 
be at a considerable distance from the place where the tests 
are made. The use of resonant phenomena is therefore recom¬ 
mended when using search coils (see Fig. 198). In the case 
of high-frequency fields, a frame antenna which is readily 
accessible for calculation serves best as a coupling transformer. 
Open antennae are recommended only in cases where measure¬ 
ment of relative values and not absolute field strengths are 
sufficient. The e.m.f. induced by an alternating-electro- 
magnetic field E (volt/metre) in a receiving frame aerial 
with surface F and numlDer of turns w at a carrier wavelength 
V = {InuFIX ). E volts . . . (44) 



Flo. 198. Tuned 
Frame Antenna for 
Obtaining H.F. Vol¬ 
tages FROM Alterna¬ 
ting Electromagnetic 
Fields 
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Tuning the frame circuit to resonance with a damping' 
decrement d gives a voltage in the amplifier given by 




2nnF 


• E volts 
a 


(46) 


With frame aerials as used for radio reception, the resonance 
voltages have magnitudes from 10“^ volts to 1 volt according 
to the strength, distance and transmission at the time. In 
order to obtain undistorted oscillograms of sudden changes 
in field strength, the inertia of the apparatus for measuring 
these changes must be sufficiently small. This is the case when 
the resulting half-wave band of the measuring equipment 
consisting of tuned aerial circuit and possibly tuned amplifiers 
is large compared with the frequency band which, due to 
fluctuations in field strength, exists near the carrier wave. For 
instance, if the fluctuations in field strength occur in times less 
than 10~^ sec., i.e. if the side-bands are more than 10^ eye. dis¬ 
tant from the carrier wave, care must be taken possibly by 
additional artificial damping of the circuit that the half-wave 
band approximates to 10^ eye. In view of the way in which 
the wave bands are occupied to-day, it is naturally only pos¬ 
sible to make measurements which are free from disturbances 
with such half-wave bands when other transmitters are not 
operating in the range in question, or when the field strengths 
to be measured are many times greater than the fields due to the 
disturbing transmitters. The practical construction of cali¬ 
brated equij>ment for measuring field strength with frame and 
relatively large half-wave bands has been discussed already in 
detail elsewhere. 

The high-frequency signal obtained is comparatively seldom 
oscillographed directly. In cases where this does occur, 
careful screening, of multiple type if necessary, should be 
applied to the tube, the coupling oscillatory circuit which may 
possibly be used between the amplifier and the tube, and to 
the amplifier itself to prevent back-coupling between the output 
and input side of the measuring circuit. Otherwise self¬ 
oscillation or errors in measurement will occur. These troubles 
can, to a certain extent, be overcome in employing an inter¬ 
mediate frequency. However, the linear relation between input 
and output voltage which may be affected in the intermediate 
frequency range must then be controlled. In most cases, it will 
suffice to oscillograph the rectified h.f. current. If the rectifier 
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has a linear characteristic over the range covered, the oscillo¬ 
gram of the rectified output will show a true reproduction of the 
modulation of the h.f. Of course, this assumes that the highest 
modulation frequencies are not affected by the rectifier. Anode 
bend rectification is most suitable for linearity and freedom from 
frequency distortion when there is sufficient pre-amplification of 
the h.f. voltage to ensure high enough amplitude at the rectifier. 
The theoretical principles of anode-bend rectification have been 
dealt with in detail by Ollendorff. < 21 ) particular character¬ 

istics of anode-bend rectification in resistance coupled amplifiers 
and linear measurements under various conditions are to be 
found in a previous book by the author. ^ 22 ) the circuit of the 
amplifier (see Fig. 199) is designed according to considerations 



Fig. 199. Circuit for Anode Bend Detector 


already discussed, rectifiers can be made whicli operate inde¬ 
pendently of frequency up to 10® eye. The ohmic resistance R 
should be selected so that it is smaller than the reactance of 
the parallel capacitance circuit (about 50 jujuF.) for the highest 
modulation frequency. Very rapid fluctuations can be oscillo- 
graphed with such rectifiers and field measuring equipment 
covering a wide band of frequencies. Tracing of the field 
strength without amplitude distortion can, as stated above, 
only be made when the resultant high-frequency voltage at 
the rectifier does not fall below a certain minimum value. In 
the same way as the modulation curves of h.f. waves are deter¬ 
mined, the modulation of waves in the corresponding frequency 
bands, i.e. heat and light waves, can be determined. 

Modern equipment generally uses specially designed diodes 
for the purpose in question. When using such valves, h.f. 
amplitudes of from 1 volt r.m.s. upwards suffice for linear 
rectification. 

4. Photo-electric Cells. Very rapid fluctuations of heat 
radiation, the wavelength of which is adjacent to the electro¬ 
magnetic frequency range, cannot be dealt with by such devices 
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as thermo elements and radiation bolometers which are fre¬ 
quently used in other measurements of heat radiation, since 
the inertia of these devices is many times greater than the time 
period of the process to be measured. For slow fluctuations, 
recording is more simply carried out by reflecting galvano¬ 
meters than by cathode-ray tubes. Only alkali metal cells 
are suitable for tracing rapid fluctuations. Not only in the 
infra-red region, but also the visible and ultra-violet radia¬ 
tion, recording can be made in this way according to the 
spectral range of the type of photo-cell employed. The photo¬ 
cells used are those whose action depends on the internal or 
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Fig. 200. Curves of Spectral Photo Sensitivity of the Alkali 

Metals 

external photo-sensitive properties or on the barrier layer 
effect.^ 23 ) q’jjg peak of the sensitivity range can be displaced 
towards a desired part of the frequency range by suitable 
choice of metal as cathode and the method of sensitizing. 
The sensitivity curves of the alkali metals are given in Fig. 
200 (taken from Fleischer-Teichmann). It will be seen that 
with a suitable coupling measurements in the range 200 m/^. 
to 600 mju, can be covered by suitable selection of cells. 
Of the alkali metal cells, the caesium cathode is particu¬ 
larly suitable for recording in the red or infra-red portion of 
the spectrum, but the barrier layer cell is also used. The 
vacuum-type alkali metal cells are distinguished by high internal 
resistance and can be adapted directly to the input resistance of 
an amplifier, whereas the barrier layer cells have very low 
resistance (500 ohms), so that to secure satisfactory operation 
coupling through a transformer is essential. The barrier layer 
effect is generally observed on the boundary plane between 
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copper and cuprous oxide. Much greater efficiency is obtainable 
with more recent cells in which a conductor and a semi- 
conductor are in combination. In this 
connexion, special mention may be 
made of the selenium barrier layer cells 
of W. Schottsky^^^^ and B. Lange. 
The selenium barrier layer cells possess 
rather higher internal resistances and 
give voltages of about 0*3 volt per lux, 
so that amplifiers can be connected 
Fig. 201. Input Circuit directly to these cells. In contrast 
thereto, a cuprous-oxide “front-wall 
cell has an e.m.f. of about 0*25 x 10~^ volts per lux, and a 
cuprous-oxide back-wall” cell a slightly lower e.m.f. The 
limit of wavelength for the selenium barrier layer cell is about 
850 injbL, and for the cui)rous-oxide cell about 1 400 m^. 

So far transformer equipment which will operate with suffi¬ 
cient freedom from inertia for still longer heat waves is not 
possible. Fig. 201 shows the usual circuit for an alkali metal 
cell, and a typical circuit for a barrier layer cell is given 
in Fig. 202. Frequency response and the range over which 
the cells have linear characteristics depend on the values 
of components of the circuit. The inherent internal inertia of 

Light 

“1 

Voltage measured 

_J 

Fig. 202. Circuit for Barrier Layer (Sperrschicht) 

Cells 

the cell cannot, of course, be compensated in the circuit, and 
we will therefore consider it next. The release of the electrons 
and their passage across the boundary surface takes place in 
less than 10sec., according to measurements made by 
E. 0. Lawrence and J. W. Beams.^^G) High-vacuum cells with 
alkali metal cathodes which involve only the stream of elec¬ 
trons are free from frequency distortion up to lO"^ eye. Un¬ 
fortunately the sensitivity of high-vacuum cells is relatively 
low (lO-"^ amperes per lumen) compared with the sensitivity 
of gas-filled cells (10“® amperes per lumen). For this reason 
gas-filled cells are generally used. The sensitivity and frequency 
characteristic of a gas-filled cell depends to a great extent on the 
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applied voltage. The sensitivity, as shown by the measurements 
in Fig. 203, increases considerably just below the glow discharge 
potential. It is not, however, advisable to operate the cell 
at this point since the glow voltage itself is not constant, but 
is influenced by external factors (temperature variations). To 
secure stability of operation the applied Voltage should be at 
least 10 per cent lower than the glow voltage. It is very 
detrimental to allow the glow discharge to pass for any length 
of time, especially if there is 
no resistance in the circuit to 
limit the current. Increased 
sensitivity due to gas-filling 
increases with applied voltage 
for light fluctuations which are 
below 10^ or 10^ eye. Fluctua¬ 
tions which are more rapid 
than the process of ionization 
in the gas result only in a slow 
increase in sensitivity with 
rising voltage. Fig. 203, curve 
II, shows characteristics ob¬ 
tained by the author which 
confirm the behaviour men¬ 
tioned. According to these 
measurements, the gas-filled 
cell behaves like the vacuum 
cell for high frequencies (over 
about 3.10^ eye.). Between 
this point and 10^ eye. the sensitivity does not decrease regu¬ 
larly, but passes through several maxima with decreasing 
amplitude. The reason for this, which was first investigated by 
F. Ollendorff, <27) may be similar to that of frequency in bright¬ 
ness control and deflection of gas-filled cathode-ray tubes. If 
the requirements are high sensitivity and as little frequency 
distortion as possible up to 10^ eye., photo-cells with argon 
filling to which reference was first made by F. SchrOter are 
recommended .<28) 

Further details concerning alkali metal photo-cells, their 
manufacture and their frequency characteristics can be 
obtained from a book by Simon and Suhrmann.<2®) Barrier 
layer cells also have internal inertia which is masked by the 
dependence on frequency which perforce is a characteristic of 



Ficj. 203. Relation between 
Applied Voltage and Photo- 
ELECTKic Current—with a 
Gas-filled (V.ll and a Light 
Flux of 1 lumen 

(Moasuiciiu'iits taken under static and 
also under \\orkiiiK conditions (light 
modulated at a freciuencj of lO* c>clcs) 
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the circuit owing to the high self-capacitance of these cells. 
Alkali metal photo-cells, as shown in the circuit, represent 
sources whose internal resistance depends on the intensity of the 
light. With the light intensities and type of cell met with in 
practice, the internal resistance is of the order of lO'^-lO® ohms. 
If slow fluctuations of light are to be recorded (< 1 000 eye.) 
where the capacitance of the cell, and amplifier input and 
the apparent ohmic resistance of the input circuit of the 
amplifier are of very high order, it is possible to use leaks (R 
in Fig. 201) of the same magnitude. For optimum efficiency, 
the design of the amplifier should be such that the value of 
the resistance is suitably matched to the internal resistance 
of the cell. In most cases, where light fluctuations of very 
much higher frequency are to be recorded, this cannot be done. 
In fact, the resistance R has to be low compared with the 
internal resistance of the cell. Even with careful circuit design 
and normal valves and cells, the unavoidable capacitance is 
of the order of 20-30 /x/iF, In spite of the most compact 
construction, even in a single bulb, and with reduction of 
anode reaction, it is scarcely possible to reduce the self¬ 
capacitance of the cell to less than 10// //F. The leak resistance 
must not exceed the reactance of the input cai)acitance for 
the highest frequency in the voltage to be measured. This is 
subject to the condition that the resistance component result¬ 
ing from anode reaction in the grid circuit can be regarded as 
being large compared with the capacitance components, this 
condition being secured, for instance, by the use of screen-grid 
valves. For example, if the input capacitance amounts to 
20 jUjuF., and the highest frequency to be considered is 10® eye., 
the leak resistance must not be greater than 75 000 ohms. The 
higher the frequencies to be taken into consideration the 
smaller are the resistances and the less the resultant voltages 
across the leak resistance due to the feeble photo-electric 
current. The reduction of the sensitivity of the cell due to 
internal inertia, discussed above, on the one hand, and the 
external circuit which is getting away from its theoretical 
optimum value, results in rather poor efficiency for light 
fluctuations of high frequency. 

Very soon the limit of amplification is reached owing to the 
8chrot effect. Registration of high-frequency light fluctuations 
free from distortion is only possible, therefore, when powerful 
light sources can be used. If the light fluctuations of high 
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frequency are confined within a narrow range of frequencies 
(width 5 000 eye.) the conditions are more favourable, and the 
objectionable capacitance of the input circuit can be made part 
of an oscillatory circuit. In this case, the resistance R of the 
circuit of Fig. 201 should be replaced by an oscillatory circuit, 
the natural frequency of which should be the same as the 
carrier frequency of the light fluctuations. It is possible with 
half-wave bands of 5 000 eye. to maintain resonance resistances 
of the order of 10^ ohms in the high-frequency range. In the 
case of barrier layer cells with ^ 
low internal resistance, coup- 
ling by means of a transformer 
is necessary (Fig. 202). In 
selecting a suitable -trans- | 
former, care should be taken S 
that the apparent damping of z 
the cell resistance still main- 4 
tains a sufficiently good fre- 
quency characteristic. The 
greater the frequency range 
required, the smaller must be 
the transformer ratio. The c 



use of transformer-coupled 
amplification has repeatedly 
been the subject of detailed 
discussion.The use of a 


Uluminafion 

Fig. 204. Characteristic of the 
Photo-cell at Various Applied 
Voltages for Feeble Light In¬ 
tensities 


transformer introduces the 


possibility of distortion due to variable permeability of the 
iron core. Certain other points must be considered in respect 
of alkali metal cells in order to get registration of light 
fluctuations which have to be free from amplitude distortion. 
The characteristic of the cell, i.e. the curve showing relation 
between current and illumination for low values of light 
intensity, is convex to the x axis up to 10" ^ lumens. Compare 
the characteristics of Fig. 204 which were taken at various 
applied voltages (from the Hwndlmdi der Bildtelegraphie und 
des Fernsehens, by F. Schroter). Furthermore, the curve is 
straight up to about 10 lumens and at higher intensities it 
even curves towards the x axis in consequence of saturation. 
The photo-cell characteristic, therefore, is analogous to that of 
a valve. In order to trace the light fluctuations without dis¬ 
tortion, the operating point must be as nearly as possible at the 
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centre of the linear portion of the characteristic. The mean 
values of the light fluctuations to be investigated frequently 
do not correspond to the optimum light intensity for the cell. 
The latter is usually smaller. In addition the light fluctuations 
sometimes have a zero value as the lower limit. The most 
favourable position of the operating point can be varied and 
amplitude distortion, which woiild normally occur at low 
exposure times, can be avoided by the addition of a priming 
illumination consisting of a constant source of illumination. 

5. Switching Arrangements for Mechanical Oscillations. 

Electric, magnetic and electromagnetic phenomena have been 
transformed into measurable voltages by the auxiliary appara¬ 
tus so far discussed. In these cases, it was necessary to choose 
suitable arrangements according to the magnitude of the 
variables involved. The following sections deal with tlie 
conversion of mechanical into electrical energy. A problem 
which frequently recurs is that of converting mechanical 
oscillations directly into alternating voltages. Electrical pick¬ 
ups are a characteristic example of this kind of conversion. 
They can be used, not only for problems which involve the 
transformation of the lateral undulations in the track, but 
also in some cases the variation in depth of the grooves into 
corresponding voltage fluctuations, but are also suitable for 
registering the degree of surface roughness. This latter pro¬ 
cedure can be carried out by moving the needle of the pick-up 
over the surface to be investigated at constant velocity. 
Normally a pick-u|) usually consists of a light iron armature 
freely suspended and held in a heavy housing. The conversion 
of the mechanical vibiation generally takes place by the 
position of the armature altering the permanent magnetic 
flux penetrating a coil. Less frequently, the conversion results 
from a change in capacitance. Pick-uy)s very often vary con¬ 
siderably in their performance according to the amplitude 
and frequency involved, so that care must be taken when 
using them for making measurements. Their frequency range 
is limited by two characteristics, that of the armature resonance 
and of the housing resonance. By using armatures of very 
small mass and great rigidity—^which applies also to the 
needle—^the armature resonance can be raised to 8 000-10 000 
eye. as an upper limit. On the other hand, housings of large 
mass and inelastic mounting of the armature enable the lower 
frequency limit set by the housing to be reduced. Furthermore, 
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in order to secure good frequency response in the inter¬ 
mediate ranges, both resonances should be reduced consider¬ 
ably. This, of course, results in lower sensitivity and often 
occurs with pick-ups of reputable makes. With insensitive units 
he pick-up voltages are very seldom less than volts, 

lithat amplification free from disturbances presents no diffi- 
The way in which commercial pick-ups depend on 
frmency, and to some extent on amplitude, has been made 
thfeubject of a more detailed investigation.^^^^ The theory 
iihlved in calculating details of the pick-up arrangements 
has also been treated in a special work.^^^) With the best com¬ 
mercial pick-ups it is possible to sc*cure undistorted frequency 
and amplitude performance in the range 100-10 000 eye. In 
general, the pick-up will be used to follow the conducting 
groove made by the usual sound-recording equipment. The 
measurable voltage obtained will more or less exactly correspond 
to the outline of the original vibration according to the dis¬ 
tortion introduced by the linked members taking part in the 
tracing and to the quality of the ])ick-up. On the other hand, if 
the pick-uj) is used, for example, to determine the roughness of 
polislied or treated surfaces, the voltage measured will not be 
a replica of the inequalities of the surface. As the voltage 
produced by the pick-up depends on the product of amplitude 
and frequency, i.e. on the so-called velocity amplitude, the 
smaller surface inequalities will be exaggerated. In order to 
obtain a true reproduction of the state of the surface by this 
electrical method, it is necessary to introduce in the measuring 
equipment a link which is dependent on frequency and which 
permits tlie voltage sensitivity of the contrivance to be reduced 
1 : cy. Such variation with frequency which is exactly compen¬ 
sated by the distortion mentioned, can be achieved in an 
extremely simple way when using resistance amplifiers by con¬ 
necting a comparatively large capacitance in parallel with the 
anode resistance in one of the first stages. The capacitance 
must be so large that its reactance even at the lower frequency 
limit of the collector is smaller than the combined resistance 
consisting of the coupling resistance, and the parallel circuit 
of the internal resistance of the valve. For this purpose, its 
tracing velocity over the surface must be such that the longest 
waves to be recorded are above the lower frequency limit of 
the pick-up. The point of the tracing needle must, of course, 
have a diameter which is less than the smallest irregularity 
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over which it passes. The use of pick-ups is not limited in 
such a way that tracing must take place continuously over 
fresh points of contact. It is quite possible to convert the 
movement of the point of one body relative to its surroundings 
into measurable voltages. / 

In this case, which has almost the same frequency limitatiaij^ 
as the one just discussed, mechanical vibrations can be recordt 
in the sim])lest manner. Here it must be stated that wi^^ 
using pick-up units which only respond to deflec;tion in 
direction, it is possible to get a record of the three dimen ^ 
components from the vibrations by using tracers in the three^ 
co-ordinate directions. This resolution into comy)onents is of 
particular imi)ortance for the purj)ose of recording earth¬ 
quakes, and perhaps more so for the purpose of recording 
pressure waves when tracing instability in the floor of the 
earth for geological records. 

Ordinary pick-ups are, of course, inadequate for the measure¬ 
ment of slow vibrations such as are present, for instance, in 
the seismic phenomena just mentioned. In fact, it is necessary 
to increase the weight of the housing considerably. In this 
way housings with masses of several hundred kilogrammes are 
obtained, and with the corresponding supports the lower fre¬ 
quency limit is less than 10“^ eye. Further details of the 
mechanical ])ortion of the oscillation measuring a])paratus 
are dealt with at length elsewhere.The introduction of 
direct-coupled amplifiers is, of course, necessary for the regis¬ 
tration of such slowly varying phenomena. Such vibrations 
need not necessarily be transferred to the conversion unit by 
means of a system of mechanical levers. Such systems are 
unsuitable for very rapid oscillations (frequencies > 10^ eye.) 
as already stated above. The methods described in the follow¬ 
ing section give good results in measuring mechanical oscilla¬ 
tions of wide frequency range. 

6. Capacitive Measurement of Mechanical Oscillations. The 
change in distance between a mechanically oscillating body and 
a fixed surface connected to measuring apparatus can be found 
by determining the variation in electrostatic capacitance 
between the two. The sensitivity of this arrangement depends 
on how great the change in capacitance can be made, since 
the fluctuations in capacitance become greater the smaller 
the mean distance of separation of the surfaces—the latter 
distance must always be kept large compared with the largest 
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amplitude encountered—and the greater the capacitance of 
surfaces opposite one another. The magnitude of the capacit¬ 
ance of the surfaces depends on the area oscillating in the 
j^a>me phase. In rapid oscillations, where only small sections 
^*^e surface usuallj^ move in phase, the measurable capacit- 
pnmay sometimes actually only amount to a fraction of a 
nJlo-mierofarad. With slow changes of position, however, 
th<?iapacitances may amount to values of 10^ ////F. or more. 


Comparison voirage 



Fig. 205. H.F. Cikcuit fok Measubing Changes in Distance 


Such large capacitances can be used, for example, in measuring 
alterations in length due to growth in plants. 

The capacitance method has the advantage that even when 
investigating oscillations of non-conductors, no apj)re(‘iable 
change in mass takes place, more particularly when, for 
instance, the one conducting surface is produced by cathode 
sputtering or a similar process. The great advantage of the 
capacitance method consists in the ability to obtain an absolute 
calibration of the apparatus under static conditions in units 
of length by measuring the change in capacitance which occurs 
when the measuring electrode is moved by a micrometer screw. 

A high-frequency circuit which can be recommended for 
measuring changes in distance, and one which is frequently 
used in condenser microphones, is that shown in Fig. 205. In 
this circuit the condenser used for measurement is in the 
oscillatory circuit of a transmitter, which also forms part of 
the measuring equipment, and this causes changes in frequency 
to take place. Loosely coupled to the transmitter is a further 
resonant circuit which is so adjusted that the static frequency 
of the transmitter is at the centre of the linear portion of the 

i 6 --(T. 36 ) 
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rising or falling resonance curve. The magnitude of the high 
frequency voltage in this oscillatory circuit depends, therefore, 
in any particular range on the frequency of the transmitter, 
i.e. on the size of the measuring condenser used, provided, 
course, that changes in frequency are so small that they do 
overshoot the linear portion of the resonance curve. Th^^^ 
voltage in the second oscillatory circuit depending om|^he 
momentary value of the measuring capacitance, is rect^led 
by an anode bend rectifier which has linear characteristic ^^in 
the corresponding voltage range. Of course, fiuctuaticns 
above the audible range can be recorded with the arrangement 
of Fig. 205, when the high frequency used is large compared 
with the highest frequency to be measured, and when the 
capacitances present do not short circuit the anode rectifier at 
the highest frequency. The values of Fig. 205 have been so 
arranged that mechanical oscillations up to 10^ eye. can be 
oscillographed. The high-freciuency component in the arrange¬ 
ment discussed should be attenuated by the rectifier circuit to 
such an extent that deflections on the screen due to it are 
smaller than the radius of the spot. This condition will obtain 
to a greater extent the more remote the transmitter frequency 
is from the highest frequency to be measured. E. Meyer has 
been able to measure distances of separation corresponding to 
100 mju, with the high-frequency circuit. By filtering out the 
lower frequencies, the same author was successful in using the 
method for sound insulation measurements in spite of dis¬ 
turbing deflections due to mechanical movement of the walls as 
a result of street traffic, which exceeded considerably the 
amplitudes to be measured.The method of calibration must, 
of course, be modified when dependence on frequency is intro¬ 
duced. The capacitance method is limited to cases where the 
oscillatory system is somewhat extended in space. The method 
of tracing previously described is the only one possible for 
examining slight charges in the distance between surfaces. 

7. Pressure Microphones. A problem which frequently recurs 
in the investigation of mechanical oscillations is the determina¬ 
tion of pressure and accelerating force. A number of accessories 
known as pressure microphones are used in such cases. Where 
exact measurement is not important, carbon piles, in which 
pressures are measured from changes in the resistance of the 
carbon are employed. This type of converter has the advantage 
that such high outputs are usually available that amplifiers 
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are either entirely unnecessary or at the most require only a few 
stages. The construction of such pressure microphones and 
their range of control has already been discussed elsewhere, 
Devices in which a change in capacitance takes place by reason 
of a change in distance of separation are more often used as 
pressure microphones. The only difference between such devices 
and those discussed in the last section is that the movable 
surface takes the form of a manometer membrane. The con¬ 
struction of an electrostatic pressure microphone for measuring 
the pressure in internal combustion engines is shown in Fig. 206. 
The microphone is fitted with a screw thread which permits the 
insertion of the membrane into i«he plug flange of the engine. 


Adjustable 

electrode 

Membrane 


Adjusting ring 

Insulating material 



Togridol 
Ir-y input yal^e 

Screen d lead, low in 
capacity, if possible 


Fig. 206. Condenser Pressitre Microphone for Measuring the 
Pressure in Internal Combustion Encsines 


Tn designing sucli pressure microphones, care should be taken 
tJiat the combustion space is not greatly altered by the pressure 
microphone. In a few cases the pressure microphone and plug 
have been combined in order to investigate the pressure in the 
cylinder of an internal combustion engine with such a unit 
under actual operating conditions. The capacitive method is 
particularly worthy of mention here since the arrangement 
of the grid circuit enables it to be easily screened from the 
sparking circuit. Here, also, the calibration of the pressure 
microphone can be carried out with the assistance of mano¬ 
meters connected in parallel providing the circuit following is 
free from frequency complications. Of course, care must be 
taken in designing the membrane that the microphone operates 
according to a linear law over the desired pressure range. The 
natural frequency of the membrane can usually be moved 
towards the higher frequency range, so as to be well beyond 
the highest frequency involved in the measurements. 

A different style of pressure microphone, which has recently 
been rather widely used, is a piezo-electric device. In this 
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contrivance the pressure to be measured is transformed by a 
piezo-electric quartz. The quartz is best cut in the form of 
a rectangular prism so that it has one face at right angles 
to the optical and another to the electrical axis. Pressure may 
be applied in the direction of either the electrical or neutral 
axis. In botli cases voltages are produced at right angles to 
the electrical axis and these are applied to a direct-coupled 
amplifier. The form of construction of a quartz pressure 
chamber for a prism is shown in Fig. 207. Fig. 207 (h) shows 
a different form in which two quartz prisms are built into a 
steel chamber, and the whole can be screwed into the wall of 



Fig. 207. Construction op Quartz Chambers for Measuring 
Pressures 

an internal combustion engine. Here also the direction of 
pressure coincides with one electrical axis of the quartz. The 
steel chamber has a thin base which acts as an elastic 
connecting link and transfers to the quartz the ])ressures to 
be measured. By this arrangement the quartz crystals are 
screened from electrical and magnetic disturbances as well as 
from dirt and temperature variations. In the bi-quartz arrange¬ 
ment they should be laid on one another with opposite polarity 
when the test electrode E is connected, so that the charges 
resulting from pressure are additive. The ball used in both 
constructions ensures even distribution of pressure. Details of 
the construction of the quartz pressure chambers described 
are to be found in other publications.The maximum sensi¬ 
tivity of the indicator depends on the capacitance of the input 
circuit, and can be varied within wide limits by increasing the 
capacitance through the addition of air dielectric condensers. 
In practice the pressure sensitivity is of the order of 10~^^ 
coulomb/kg. The resulting voltages are of the order of 
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to 1 volt according to the magnitude of the ^ 
parallel capacitance and the applied pressure, r 
In order that the charge shall not escape even 
with slow pressure changes, the whole of the 
input circuit, consisting of pressure chamber, 
first stage amplifier and possibly also range 
condenser, must be very well insulated. To 
this end, the grid of the amplifying valve must 
be taken out separately and insulated by 
amber in the same way as the lead-in to the 
pressure chamber itself. Fig. 208 shows a 
special valve for the first amplifying stage of 
a direct-coupled amplifier for piezo pressure 
measurements. The arrangement, in particu¬ 
lar the input circuit of the piezo pressure 
measuring equipment, is to be seen in Fig. 209. 

Freedom from amplitude distortion over a 
wide range is assured. The modulus of elasti¬ 
city of quartz at 0*8 . lO^kg./cm.^ is so small 
that deformation due to pressure can be 
ignored. Consequently, the high natural fre¬ 
quency ne(‘essary for the measurement of 
mechanical oscillations is assured, and the Fio- 208. Inpui 
quartz can be used for the registration of pres- 
sure variations up to over 10^ eye. By intro- sltkes with a 
ducing smaller, specially cut quartz of low Piezo Cr\stal 
sensitivity, very much more rapid fluctuations, 
such as occur in measurements of ultra-short sopnd waves, can 
be converted into voltage variations which are free from fre¬ 
quency distortion. If the insulation of the input circuit is 

sufficiently well maintained, 
the lower frequency limit is 
low enough to permit of per¬ 
fect static calibration being 
carried out on the pressure 
measuring equipment. The 
maximum sensitivity of the 
quartz apparatus is so high 
that considerable voltages are 
produced by the low pressure 

Fio.209. Complete Piezo Piiessubb: results from exposure 

Measuring Circuit to a current of air. It is dear 
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that the same equipment can convert sound pressure into 
measurable voltage. In this case the piezo converter acts as 
the sound microphone. 

8. Acoustic Microphones. The function of the sound micro¬ 
phone is to convert changes in pressure due to sound waves 
into alternating voltages. Freedom from amplitude and fre¬ 
quency distortion is more easily secured during the conversion 
with microphones than with other electro-mechanical devices 
(pick-ups, loudspeakers, etc.). The reason for this probably 
lies in the fact that the amount of energy converted and the 
amplitudes involved in absolute value are very small. In spite 
of this, the greatest care must be taken in selecting microphones 
as conversion units. Carbon microphones are most general 
These in the form used for telephony can at the best only be 
used for simple demonstration problems. In the best types 
the frequency range extends from about 500-3 000 eye. Even 
within this limited range, there is a considerable number of 
peaks in the response curve. The efficiency itself is good, so 
that, as a rule, alternating voltages which are eventually suffi¬ 
cient for controlling an oscillograph at low anode voltages, 
are available at the output side of the transformer. The dis¬ 
tortion factor of the microphone capsule for telephony is con¬ 
siderable. The noise level caused by small fluctuations of the 
current when passing between the carbon granules is fairly high. 
More detailed ir formation of the |)roperties of simj)Ie telephone 
microphones are to be found in a work by M. Grutzmacher.^^*^^ 
The simplest carbon telephone microphones are only used for 
demonstration purposes both on account of the imperfect 
properties mentioned, and also because of their fluctuating 
sensitivity. The contact microphones developed by E. Reisz, 
which are used in radio work and which are also based on 
resistance fluctuations between the carbon granules, function 
much more satisfactorily. In the Reisz microphone, sound 
waves exert direct pressure on the carbon powder which is 
placed between two rigid electrodes in a surface depression 
of a block of marble. The carbon powder is shielded from the 
outside by a thin film which does not affect the vibrations. 
The size of the powder particles and the area of surface sensitive 
to sound is selected so that, within the audible range there is 
as little frequency distortion as possible. In the usual design 
of the Reisz microphone, as in all microphones with low dis¬ 
tortion factor, the efficiency is many times less than in telephone 
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microphones. The usual circuit of the Reisz microphone is 
shown in Fig. 210. As the resistance of the Reisz microphone is 
of the order of 10^ ohms suitable matching by means of a trans¬ 
former is essential, if high efficiency is to be obtained. The 
transformer ratio and design are selected so that good fre¬ 
quency response is attained over the interval 50-1 000 eye. 
The voltages at the secondary side for medium sound intensities 
(1 microbar) are of the order of 10 ~®- 10“2 volts. Later a 


Fig. 210. Circuit of the Reisz 
Microphone 


so-called high current type was developed which gives volt¬ 
ages of 10“^ to 1*0 volt to the amplifier input, a relatively 
low distortion factor being maintained for equal sound inten¬ 
sities. The noise level in the Reisz microphone relative to the 
converted sound ampli¬ 
tudes is much lower than r ^" ’ ^ g—° 

in the case of the telephone ^ | s Amplifier 

microphone. It is, how- E—> 

ever, higher than in the ^- 

condenser microphone and Circuit of the Reisz 

. 1 1 X j . . Microphone 

the electrodynamic micro¬ 
phones discussed below. Highly damped carbon microphones 
are generally practically free from frequency distortions from 
the lowest frequency up to 2*10^ eye., and the distortion men¬ 
tioned is due almost entirely to the coupling transformer. If 
very slow changes in sound pressure, or those which lie near 
or just beyond tlie audible range, are to be recorded, it is 
necessary to dispense with this arrangement and provide two 
or more stages of preliminary amplification, tapping off the 
voltage to be measured across a non-inductive resistance of 
tlie order of 100 ohms. If, during the quiescent state, the 
current flowing through the microphone does not exceed the 
highest permissible value, the sensitivity of the instrument 
will be well maintained even over long periods. The Reisz 
microphone is not suitable for measurements where the highest 
accuracy is essential. 

For precise measurements, the condenser microphone is in 
general use to-day. The usual form of condenser microphone 
consists of a light thin membrane of great rigidity whose 
natural frequency is as a rule near the upper limit of audible 
frequency. The following properties are of importance in con¬ 
sidering the suitability of a condenser microphone for the purpose 
of measurement. The membrane and its support must change 
as little as possible during the course of time. Calibration 
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of the condenser microphone should be carried out some 
time after the membrane has been fixed in its housing, since 
its properties, even with the best designs, alter within certain 
limits during the course of the first few days. Furthermore, 
the construction must be so designed and carried out that the 
distance of separation between the membrane and the opposite 

electrode cannot alter with 
temperature changes and 
mechanical vibration. To 
secure high efficiency and 
adequate damping of free 
vibration of the membrane 
through the air cushion, 
the distance between the 
membrane and the oppo¬ 
site electrode should be 
kept as small as i)ossible. 

Parallelism of membrane and opposing electrode surfaces, 
which is attained only in the best designs, ensures the possibility 
of having the smallest separating space between the two 
electrodes. A circuit (Fig. 205) in which the smallest change 
in distance of separation of the condenser surfaces is converted 
into a measurable voltage has already been discussed in detail 



Fig. 211 

Circuit of the Condenser Microphone 



Frequency Curve of a Condenser Measuring Microphone 


on p. 229. The condenser microphone can be connected directly 
to the high-frequency measuring circuit as shown, and simply 
takes the place of the measuring condenser. This arrange¬ 
ment has the advantage of high sensitivity. It is to be 
recommended particularly for the measuring of very feeble 
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sounds or for picking up vibrations of very low frequency. 
Pig. 211 shows another input circuit for the condenser 
microphone which has been used considerably. With a 
given condenser microphone, the frequency curve in this 
case depends largely on the value of the coupling resistance, 
especially in the low-frequency range. Coupling resistances of 
5*10®-2*10'^ ohms are employed, for normal microphone and 
circuit capacitance. If a condenser 
microphone is calibrated for a 
certain coupling resistance and a 
given total input capacitance, the 
same values must be included in 
the circuit employed. The calibra¬ 
tion curve of a good condenser 
microphone suitable for measure¬ 
ments is shown in Pig. 212. The 
total input capacitance, including 
that of the microphone and 
grid circuits, was adjusted to 80 
juifF. The sensitivity of the micro- o,., 
phone is about 2 mV ./jUD, This is Measuring Microphone 
not very much lower than that of 

good carbon microphones. Here, however, freedom from 
frequency distortion is obtained over a wide range from the 
lowest to the highest frequency of audibility, with constant 
calibration factor. The condenser microphone exhibits a 
linear characteristic up to the highest acoustic intensities. 
Whereas carbon powder microphones are linear in response 
up to sound intensities of about 70 phon, condenser micro¬ 
phones can be loaded up to the extraordinary acoustic 
intensities of 140 phon without the distortion factor becoming 
serious. 

Pig. 213 shows the construction of the condenser microphone 
for measuring purposes, the characteristics of which were shown 
in Pig. 212. To secure high efficiency, the capacitance of the 
input circuit should be kept as small as possible. The con¬ 
denser microphone frequently forms a single unit with the 
first amplifying stage. Such a construction in which the first 
stage is screened and built in a metal box behind the micro¬ 
phone is shown in Pig. 214. The imjiedance of the first 
amplifying stage is about 10^ ohms, a value which allows 
the insertion of a cable several metres in length between 
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the microphone unit and the amplifier without the use of a 
coupling transformer. One great advantage of the condenser 
microphone shown, which has a perforated auxiliary electrode 
in front of the membrane, is the ease with which it can be 
calibrated. If the auxiliary electrode is insulated or if it can 
be substituted by a similarly insulated electrode, it is possible 

to obtain calibration (by a purely 
electrical method) by a steady 
but adjustable alternating voltage 
between the housing and the 
auxiliary electrode. It is only 
necessary to determine the ampli¬ 
tudes which are injected into the 
oscillograph at the various fre¬ 
quencies in order to determine 
the frequency response of the 
whole measuring device. The cali¬ 
bration which consists merely of 
substituting electrostatic forces 
for the acoustic forces which nor¬ 
mally influence the microphone 
is very simple in comparison with 
other microphone calibrations. It 
is only the calibration in terms of 
absolute sensitivity which presents 
any real difficulty. Further details of this type of calibration, 
originated by M. Grutzmacher and E. Meyer, have been 
published. But only the pressure curve is obtained by this 
method. At very high frequencies where ultimately the 
dimensions of the microphone are comparable with the 
wavelengths of the sound, the true sensitivity is somewhat 
higher, but never more than twice as great as that shown 
by the curve obtained electrically, as far as frequencies 
below 10^ cycles are concerned. The true curve of the 
microphone measured by the electrostatic method in Fig. 212 
therefore also shows a gradual rise towards the higher 
frequencies. In combination with normal low-frequency 
amplifiers which fall off a little above and below, this 
microphone provides almost complete freedom from fre¬ 
quency distortion in the audible range. Certain types of 
electrodynamic microphones have again become rather more 
widely used. They do not appear to be very suitable as 



Fig. 214. Condenser Micro¬ 
phone AND First Amplifying 
Stage in One llNn for Making 
Measurements 
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a means of conversion for the purposes of measurement in 
consequence of the necessity for using a coupling transformer 
in almost every case. In certain research problems it is neces¬ 
sary to have microphones available which will also convert 
with equal efficiency, or almost so, into measurable voltages, 
acoustic waves which lie above the limit of the audible range. 
Most microphones, such as the carbon powder and condenser 
types of special construction, fail at frequencies over 2*10® eye. 
The inertia of even the smallest masses begins to become appre¬ 
ciable at such high frequencies. There are two ways of con¬ 
verting medium or ultra acoustic waves into alternating 
voltages—either the size of the vibrating masses must be 
reduced to a minimum—the method used, for instance, in the 
cathodo])hon—or the restoring forces must be increased to 
such an extent that the natural frequencies are displaced into 
the high-frequency range in spite of the large masses. The 
latter is the case with the piezo pressure receivers discussed 
above, the natural frequency of which can be made almost 
as high as desired by grinding and selecting the dimensions 
of the quartz. Quartz microphones are therefore very suitable 
for work mth ultra-short acoustic waves. Unfortunately, the 
piezo crystal is extremely inflexible to the incidence of acoustic 
waves so that its response to air is not very good, which results 
in low efficiency of this type of microphone. Much better per¬ 
formance is obtained, of course, near to the resonance point. Yet 
even here the damping by the surrounding air is still so small 
that the time required to build up the vibration is comparable 
with the period of tlie low-frequency oscillation. Operation at 
the resonant point, therefore, is not possible in such cases 
where the ultra-short sound waves are modulated by low 
frequencies, and the piezo microphone can only be used over 
a certain frequency range. More favourable conditions exist 
when the cTystal is used in fluids for tlie purpose of measuring 
sound pressures. The best-known type of microphone vdth very 
small moving parts is the cathodophon of Vogt, MasoUe, and 
Engl.<^®> In this type, the conversion into current fluctuations 
is effected through the use of an ionized volume of acoustically 
sensitive air situated between a hot cathode and an opposite 
electrode. The length of the air space amounts to only a fraction 
of a millimetre, and the voltage between the electrodes is 
500 volts. In contrast to the pressure microphone discussed 
above, which represents a generator independent of frequency, 
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the cathodophon is a velocity receiver. Its sensitivity decreases 
therefore in proportion to the “velocity amplitude’’ as 1 : co. 
In order to compensate this frequency characteristic a com¬ 
ponent with the opposite frequency response must be intro¬ 
duced. This is most simply effected by coupling the amplifier 
through a self-inductance, which is chosen so that its resistance 
at the highest measured frequencies, is low compared with the 
resistance of the discharge space. The corresponding circuit 
of the cathodophon as a sound receiver free from frequency 
distortion is given in Fig. 215. In this form, the cathodophon 
could be used as a sound receiver of good frequency up 
to frequencies of 10^ eye., i.e. until ionic inertia becomes 
appreciable. 

The conversion of low sound pressures by the cathodophon 



Fio. 215. ClBCUIT OF THE OaTHODOPHON AS A SoUND RECEIVER 
Free from Frequency Distortion 


or at any rate by the practical types which have become known, 
is not possible since the mean disturbance level of the cathodo¬ 
phon is very high owing to the action taking place at the 
cathode. As the accessory apparatus for converting any 
phenomenon into a measurable voltage, the amplifiers for 
increasing the sensitivity and the cathode-ray equipments have 
been discussed in the previous sections, all equipments which 
are necessary for the registration of the maximum values of 
phenomena to be investigated have been dealt with. The way 
in which the phenomena investigated vary with time and the 
simultaneous recording of this dependence in time and work 
co-ordinates, calls for further accessory equipment, and this 
makes possible a record in time co-ordinates which are in¬ 
dependent of the work co-ordinates. 

A saw-tooth oscillation circuit including a thyratron and 
controlled by the audio-frequency signal under examination is 
described by Griitzmacher. 
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IV. Time Deflection 

1. Time Deflection by Rotating or Vibrating Mirrors. The 

basic principle of rotating or vibrating mirrors is that the 
inclination of the mirror to the light rays from the fluorescent 
spot on the screen, i.e. its angle of incidence or reflection, is 
altered. Owing to the rotation of the mirror whose axis is 
parallel to the ordinate of the oscillogram, the reflection of 
the fluorescent spot is made visible at various points of the 
mirror in turn. These images which appear subsequently 
are simultaneously recorded by indirect observation through 
the persistence of vision of the eye, or with light sensitive 



Fig. 216. Diagbam of the Ray Path with Moving Mirrors 

materials by photography; the stationary spot becomes a line 
and the spot deflected by the work process is drawn out into 
an oscillogram. The relative length of the time base produced 
is determined firstly by the angular velocity of the moving 
mirror, and secondly by the distance L of the fluorescent spot 
from the mirror which is equal to the distance of the virtual 
image of the spot from the mirror. Tlie velocity of the time 
deflection is therefore a function of the peripheral velocity of 
the virtual image. At the same time, an angular change of 2a of 
the radius vector between the axis of the mirror and the virtual 
image corresponds to a change in angle a of the rotating mirror. 
The maximum deflectional velocity is therefore determined 
firstly by the maximum velocity of the mirror which is limited 
by its construction, and secondly by the distance L. The dis¬ 
tance I from the mirror surface to the point of observation affects 
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the brilliancy of the oscillogram to be recorded. The magnitude 
of I is determined by an optical system, which is provided, if 
necessary, at this point. The diameter of a suitable objective, 
which may be necessary, must be visible from the fluorescent 
spot in order that the whole of the beam from the spot falling 
on the mirror may enter the optical system. The virtual image 
of the oscillogram can then be regarded as being enlarged by 
a lens system, which is important when examining patterns 
with relatively high frequency components. In this case, the 
distance between the screen and the mirror has to be increased, 
which results in a decrease in the size of the oscillogram and 
its brightness, which factors are obviously inversely propor¬ 
tional to L, The eye-piece must be sufficiently powerful to 
maintain the greatest possible brilliancy in the oscillogram. 
For a magnification of x 8, the diameter of the objective should 
be 6 cm. which, with a pupil diameter of 8 mm., allows all 
the light to enter the eye. Metal or glass is best for the moving 
mirror. Glass mirrors with a reflecting metal surface on 
the back give double images due to reflection at the surfaces 
of the glass. The intensity of the secondary image is about 
5 per cent that due to the reflecting surface. In order to 
prevent distortion in the oscillogram, the mirror surface must 
be optically flat and free from striations or unevenness. It is 
important with mirror deflection that the fluorescent screen 
surface should be free from after-glow, otherwise a picture will 
be retained alongside of the reflections of the fluorescent spot 
which will produce a hazy oscillogram. With calcium tungstate 
an indefinite zero will appear with mirror deflection at a fre¬ 
quence of about 500 000 eye. With more recent materials 
(e.g. No. 2) the passage through the zero point was still sharply 
visible at this frequency. Miixor deflection can be effected 
either by a single mirror vibrating with a sinusoidal frequency, 
or by a rotating double or multiple mirror. 

Vibrating mirrors are usually supported on a bifilar suspen¬ 
sion and excited magnetically or electro-dynamically. The 
maximum velocity attainable for time deflection is limited by 
the natural frequency of the mirror system. The mirror surface 
must be as large as possible in order to obtain the best optical 
conditions. The low natural frequency which results from this 
condition only permits photography of relatively slow pheno¬ 
mena with, say, frequencies of several thousand per second. 
The oscillograms photographed with vibrating mirrors show 
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closed curves, so called Lissajou’s figures. Lissajou’s figures 
are always obtained when the work frequency is equal to or 
a whole multiple of the time deflection frequency. Although 
the curve shape of the desired alternating quantity cannot 
be observed directly from these figures, it can be obtained 
easily by retracing with a known time deflection of the required 
value. Since Lissajou’s figures are also produced by sinusoidal 
voltages with electrical time deflection, they are analysed here 
in more detail. If the amplitudes and frequencies of the time 
circuit and the work circuit are equal, the Lissajou figure 



Fig .217. Liss aj or ’s Ellipses for Equal 
Amplitudes hi t of Varying Phases 



Fig. 218. Lissajou’s 
Ellipses of Varied 
Amplitude and 
^ Phase 


produced is an ellipse as can be seen from Fig. 217, the major 
axis of which is the centre line between both component direc¬ 
tions. If the phase relationship of the two deflections changes, 
the eccentricity of the ellipse will alter. With a phase differ¬ 
ence of 90° the ellipse becomes a circle. If tlie amplitudes 
are unequal an eccentric figure is also produced, but as the 
phase difference increases, not only does the eccentricity alter, 
but the major axis also rotates as can be seen from Fig. 218. 
The analytical relation for the elliptic figures showil;i in Figs. 217 
and 218 results as follows — > 

The deflections in both co-ordinates are fo>r (oA = 6 , 
a; = A sin 0, j/ — JS sin (0 + 9 ?), and since 

sin 6 = xjA 

and cos 0 = WA^ - x^)]IA . . (46) 

y = B[x COS (p + '\/(A^ — x^) . sin (p\^A . (47) 

which is the equation of the figure and can be shown to be 
an ellipse. This figure gives for 9? = 0, 1/ = BxjA, Which is a 
straight line inclined to the a:-axis at an angle a = taih~^ (BJA). 
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For (p = 90°, y = (B/A) \/{A — or 

(x/Af + {y/Bf = I . . . (48) 

which is the equation of an ellipse which becomes a circle 
when the amplitudes are equal (A == B), 

Further, if 

(p = 180°, 2/ == — {BIA)x, a straight line 
(p == 270° as for (p = 90° 
q) — 360° as for (p — 0°. 

If the deflection frequencies are unequal, it is true that a 
stationary figure results as long as the relation between the 



Fig. 219. Analysts of a Lissajou’s Figujir by Ryan’s Method 

frequencies cafn be expressed as a ratio of tw o whole numbers, 
but the figures are much more involved than the ellipse or 
circle. But the graphical conversion of these closed curves 
into periodic I time functions is obtained with relative ease, 
according to/Ryan,by introducing a sinusoidally divided 
scale. In Fig. 219 an example of this type of analysis has been 
made. A circle is drawn below the Lissajou figure (time base in 
horizontal cp-ordinates) and its diameter is equal to the width 
of the oscillogram. The periphery of the circle is divided into 
a number bf equal sections (e.g. 12). Perpendiculars cutting 
the Lissajou figure in the points 1-12 must be offset through 
the pointS| of division. If the distances of the points of inter¬ 
section from the base line are plotted as ordinates from an 
equally divided base line, the required curve will be obtained. 
Redrawing in this way results in the centre portions of the 
Lissajou’sTfigures being shown more correctly than those near 
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the perpendiculars enclosing the figure. This fault can be 
eradicated by taking a second photograph with the time 
deflection at a different phase angle. For instance, if the 
photograph is retaken having its time deflection displaced 
by a phase angle of 90®, the portion of the curve which pre¬ 
viously appeared at the edge will move to the centre where 
its lateral displacement can be determined exactly. The values 
from 45®~135® are then taken from the first photograph and 
the rest from the second. 

For time deflection, the rotary method is used to-day to 
the exclusion of almost all other methods of actuating mirrors. 
This method produces direct oscillograms with linear time scale 
without the need for graphical redrawing. The rotating mirror 
has two or more reflecting surfaces. The virtual image of the 
fluorescent spot traverses the first reflecting surface perpen¬ 
dicular to the ordinate axis (Fig. 216) from left to right. As 
soon as the angle of incidence of the second mirror has become 
sufficiently small, the spot appears on the left-hand side of 
the following mirror surface. Synchronism between the work 
deflection and the time deflection will then be secured if these 
frequencies are equal. If n is the number of revolutions of the 
axis of the polygonal mirror per sec., s the number of reflecting 
surfaces, and/the frequency of the voltage measured, an image 
of one complete period is obtained when (fins) = 1. When 
(fins) = 2, an image of tw^o complete periods results, and 
so on. 

The peripheral velocity and number of mirrors must not, 
in the case of non-periodic and unsynchronized phenomena, 
be allowed to be high enough for several oscillograms to be 
observed at the same time through persistence of vision. In 
investigating high-frequency vibrations it is desirable for the 
axis of the mirror to be inclined periodically in order to eliminate 
this overlapping. In the case of photographic recording of the 
oscillogram, the exposure period, which for visual observation 
is fixed at 16 pictures per sec., can be reduced and overlapping 
of the oscillogram avoided by suitably adjusting the timing 
of the shutter. The maximum velocities of the time deflection 
attainable are exemplified by the following figures. A time 
deflection velocity of about 1 000 m. per sec. is attained when 
there is a very large distance betw’^een the mirror and the 
fluorescent screen, L being equal to 5 m., and the rotational 
speed of the mirror SOr.p.s. This enables photography at a 

17—(T. 36 ) 
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maximum frequency of 500 000 eye. to be carried out. An 
optical system is necessary for the value of L given in order to 
secure a sufficiently large oscillogram. The brilliancy of the 
spot in modern tubes is quite sufficient to enable the shape 
of the curve for a single high-frequency oscillation to be recog¬ 
nized. The quality of the rotating mirror determines the 
peripheral velocity ultimately attainable and also the quality 
of the images. The axis of the mirror must be parallel with the 
ordinates of the oscillogram and should generally be fixed in 
jKosition, as otherwise a shift of the zero line will result and 



'.J 


Fig. 220. Rotatinij Mihrob Dbiven by a Gramopiionk Motor 

the oscillogram will be displaced. The princijjles already given 
above apjjly to the mirror surface itself. For low perij)heral 
velocities, ordinary glass miirors with backing of mercury are 
used, being supj)orted in metal frames. The inaccuracies in 
the geometrical arrangement resulting therefrom can be reduced 
considerably by metal mirrors. For high velocities metal is 
more suitable than glass for the mirror on account of its greater 
rigidity. Accurate balance of the moving parts is essential for 
all rotating mirrors. For tracing at very high peripheral vel¬ 
ocities, the mirror should be enclosed in a protective wire cage 
to avoid danger to the observer from flying fragments should 
a breakage occur. If a mechanical drive is not available, 
rotation by hand is sufficiently good in an emergency and with 
practice provides fair synchronization if the velocity is not 



ACCESSORIES 


246 


too high. If a gramophone turntable is available (Fig. 220), the 
rotating nrirror can be mounted on it fairly easily. The clock¬ 
work, as well as the electrical type of record drive, permits of 
adjustment to the rate of revolution within wide limits. As 
the number of revolutions of the turntable is generally fairly 
low, the use of gearing between the mirror and gramophone 
drive is to be recommended for increasing the speed of the 
time co-ordinate. The advantage of the clockwork drive is 
that it does not cause magnetic disturbances in the oscillograph. 
With the ordinary electric motor for driving, magnetic dis¬ 
turbances are usually very small. Furthermore, electrical 
synchronization is possible with an electrical drive. (Rotation 
by Synchronous Motor.) 

2. Electrical Time Deflection, (a) Principles. As distinct 
from mechanical-optical time deflection by means of moving 
mirrors where the deflection takes place outside the cathode-ray 
tube, with electrical deflection the work and the time co¬ 
ordinates are produced inside the tube by additional deflection 
of the cathode ray and are both carried out in the same 
way—through the electrostatic field of two condenser plates, 
or by the electromagnetic field of two deflecting coils. With 
electrical time deflection, a two-dimensional figure of the 
process traced, which is stationary in the case of periodic and 
synchronized phenomena, appears on the screen of the tube. 
All mechanical devices described hitherto are unnecessary 
since no moving parts are required outside the bulb. As a 
result, the size of the whole tracing arrangement is consider¬ 
ably reduced. It was due to electrical time deflection, in 
|)articular, that the use of screen contact photography for 
trac‘ing very high velocity phenomena as are described below^ 
became possible for the lirst time. As distinct from mec'hanical 
time deflection, ele(*trical time deflection requires merely an 
elaboration of the auxiliaries already used for production of 
tlie rays and deflection by the phenomena being measured. 

The resolution of the time base into a time surface which 
is particularly important in the production of very high time 
velocities, also becomes possible for the first time by the 
insertion of a second time co-ordinate of equal or different 
frequency to the first. It is immaterial in principle whether 
the additional time co-ordinate is produced electrically inside 
the tube or outside mechanically. The record of the time 
can result as a closed figure, for instance, a polar diagram 
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(ellipse, circle, and so on) the shape of which is influenced by 
the measured voltage. Another method of tracing often used 
consists in making the second time co-ordinate—the velocity 
of which is small compared with the first one—operate in the 
same direction as the voltage to be measured. It may 
be necessary here to provide a third deflecting system. The 
ray is deflected by the second time component across the 
oscillogram. Simultaneously it is carried to and fro at high 
velocity in the longitudinal direction, for instance by an 
undamped high-frequency or saw-tooth oscillation. The time 
deflection occupies the whole surface of the oscillogram in 
which the lines of the first time deflection lie more or less close 
together according to the velocity ratio. The creation of the 
deflecting fields for the production of a time surface is best 
carried out by a double saw-tooth oscillation equipment as for 
television. The combination results in a very long measuring 
period per oscillogram as compared with ordinary methods of 
deflection. If the work process is not recorded by deflection but 
by intensity modulation of the cathode ray, the time surface 
becomes a line raster of television technique. Most electrical 
time deflection devices used to-day are based on the principle 
that the back and forward traverse of the fluorescent spot on 
the time base is caused by a sinusoidal or saw-tooth oscillation 
applied to the time deflection plates. Whereas with sinusoidal 
oscillations, the backward and forward times of traverse are 
equal, by giving special characteristics to the saw-tooth oscilla¬ 
tion, the return traverse can be made very short compared with 
the actual forward time traverse, so much so that it can hardly 
be registered either visually or photographically. As the upper 
frequency limit of the saw-tooth oscillation cannot be in¬ 
creased as desired for reasons yet to be mentioned, sine wave 
time deflections are used particularly for high-frequency 
measuring processes. The creation of the high-frequency time 
oscillation is best carried out with one of the transmitting 
circuits used in high-frequency work. The construction of 
high-frequency transmitters forms an extensive subject of 
its own which it is not proposed to discuss within the scope 
of this book. Reference may be made to relevant literature 
for such information.Only a practical hint will be given. 
In principle it is desirable to take the deflecting voltage from 
a resonant circuit. The following advantages are then ob¬ 
tained. Sine wave voltages can be free from harmonics; the 
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capacitance of the deflecting plates forms part of the oscillatory 
circuit; it is possible to obtain deflection voltages of high 
amplitude by transforming; easy adjustment of amplitude 
can be obtained by de-tuning the resonant circuit. With a very 
high amplitude which may extend beyond the edge of the 
screen, it is often sufficient to take only the centre portion of 
the sine wave oscillation which can be considered as practically 
linear for many measurements. In such a case, one can go 
further and arrange that the ray is obscured in one direction 
of the oscillation by means of the brightness control electrode. 
Of course, this is only permissible as long as the problem 
concerned allows the extraction of relatively short time sections. 

There are many ways of producing saw-tooth oscillations of 
varied form. The operation of all such discharge circuits is 
based on the following principle. Control of the rate of time 
traverse and return stroke is made by increasing or decreasing 
the deflecting voltage the variation of which is due to the 
charging and discharging of a condenser. The time charac¬ 
teristics and magnitude of the voltage changes, as well as the 
frequency of the rate of discharge, are determined by type 
and dimensions of the auxiliary circuit components employed 
which take part in the charging and discharging process. 
The voltage rise is effected either through a resistance which 
results in an exponential time traverse, or by an electron 
tube which gives a linear traverse under conditions of current 
saturation. The voltage fall generally takes place through a 
glow discharge (spark gap, neon lamp, or thyratron) or by 
means of a controlled electron tube. The method of tracing 
the oscillogram varies according as the processes investigated 
are periodic or non-periodic and are of known or unknown 
occurrence. The latter type mostly requires a special type of 
coupling device for the cathode ray which will be described 
in detail later. Events of predictable occurrence do not usually 
require such a contrivance. 

Whereas with non-periodic processes only a single outline 
of the oscillogram is made, with recurrent phenomena it is 
possible to trace the same oscillogram several times and so 
obtain greater brilliancy. In such cases, all the repeated 
oscillograms must have the same phase at the same point on 
the screen. The oscillogram of a process synchronized in this 
way is shown in Fig. 221. The exact synchronizing of the 
time frequency with the work frequency is therefore of great 
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importance in the tracing of periodically recurrent phenomena. 
Fundamentally, synchronization can be achieved in two ways. 
Either the size of the units used in the time base circuits, the 
capacitances and the resistances are selected so that their time 
constants result in synchronization between the rate of dis¬ 
charge and the work frequency, or else a special control signal 
is injected into the discharge circuit, and this has the same 
frequency as the work circuit. 

With independent synchronization absolute constancy of 
current source and discharge circuit is essential. Its use is 

limited to low-frequency 
processes and short periods 
of observation. Generally, 
forced synchronization is 
based on the fact that an 
external oscillation is im¬ 
pressed on a selected part of 
the circuit ca])able of oscil¬ 
lating. The external impulse 
causes self-oscillation, with¬ 



in a limited range, to be pro¬ 
duced. This phenomenon, 
Fig. 221. Synchkonizkd Oscillookam i'nrrPf] nr 

OF A Distorted Sine Wave Oscillation ^ as JOTCed 01 

induced (mnllation, appears 

also in saw-tooth oscillations and has been theoretically and 
experimentally investigated in various quarters. Leyshon,^^^^ 
for instance, cou])les a tuning fork electro-magnetically with a 
ticking circuit and develops with certain reservations a theory 
which refers mainly to the phase I'elationships in the range 
of synchronization. Hudec^'*^^ discusses the forced discharge 
oscillations more generally whereby, in respect of ])hase 
relationships, he comes to the same conclusions, but his 
theory extends not only to the case where the alternating 
frequency and the forced discharge oscillations are equal, 
but where one is an even multiple or sub-multiple of the other. 
Synchronization by a control frequency is particularly suitable 
in the high-frequency range. It must be accurate enough to 


prevent the oscillogram wandering about in any way, since 
otherwise precise measurement or photographic recording of 
the pattern is not possible. For the same reason, the oscillo¬ 


gram must not move rapidly round a zero position and such 
movement as occurs during imperfect synchronization is a 
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direct measure of the completeness or otherwise of the synchron¬ 
ization. With a good discharge tube, the range of variation is 
about 1-J per cent, and is determined largely by the stability of 
the discharge in the tube and depends on the special construc¬ 
tion of the glow lamp. For thyratrons the range of deviation is 
up to 0-05 per cent, and for electron tubes it is of the same mag¬ 
nitude. Errors of sjmchronization and deviation of the pattern 
must be made as small as possible if large differences in fre¬ 
quency are to be dealt with under stable conditions. With glow 
lamps a frequency ratio between work and time circuits of less 
than 1:10 can only be attained with difficulty in one stage. With 
thyratrons or discharge valve circuits, frequency ratios up to 
1 : 50 can be secured if the current sources possess the neces¬ 
sary liigh degree of stability. If one desires to go further and 
trace other periodic curves which have still greater frequency 
ratios, then it will be necessary for the control voltage first 
to synchronize a time base unit in the way described and 
thus in turn to control a second circuit in the same way. 
In order that the voltage may never fail to rise to the dis¬ 
charge point and the forced oscillations never get outside 
the range over whicli the control frequency can pull them 
into step, the voltage amplitude of the control frequency 
must be constant. 

As the above remarks show, adjustment of all the variables 
is a relatively easy, and therefore an outstanding feature of 
electrical time detlection: fre(iuency, time velocity, and length 
of the time base can be varied by the appropriate adjustment 
of the circuit (jomponents. The position of the oscillogram 
relative to the surface of the screen can also be adjusted 
easily by suitable selection of bias potential at tlie time plates. 
It is particularly significant that by using suitable discharge 
circuits, tracing velocities up to 100 000 km. per sec. can be 
attained for time deflection. Such high tracing speeds cannot 
be used, of course, with low-voltage tubes when a single 
trace is involved. In modern tubes, the maximum tracing 
speed for visual observation is about 1 000 km. per sec. 
Before the fundamental principles of electrical time deflection 
circuits are examined in more detail, reference may be made to a 
process developed by Bab in which optical time deflection 
with rotating mirrors and electrical time deflection are employed 
simultaneously (Fig. 222). This method permits of the use of 
two different frequencies which can be inharmonic to each 
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other. The high-frequency process is converted stroboscopically 
into a low-frequency process which, in turn, is split up by a 
rotating mirror. If the process to be investigated has a fre¬ 
quency which is nearly equal to the sinusoidal frequency of the 
time base in the abscissae, the resultant Lissajou figure creeps 
over the surface of the screen, at a velocity corresponding to 
the diiference in frequencies and traces a rectangle of uneven 


Mirror 
—image 


^2n 



Rotating 



B 

Fig. 222. Combination of Deflection by a Rotating 
Mirror and Electrical Time Deflection 


brilliancy. A translational velocity v is superimposed on the 
wandering velocity of the Lissajou figure owing to a movement 
of the cathode-ray tube or the insertion of a rotating mirror. 

v = 2nAUi-A) . . . ( 49 ) 


where /g is the work frequency and the frequency of the 
electrical time deflection, the curve y = F{f 2 A) stands out 
distinctly and true to type in Cartesian 
co-ordinates from the hazy lines parallel 
to the x-axis. The magnitude of the 
velocity v depends on the number of 
revolutions, the number of surfaces 
and the distance between the rotating 
Fig. 223. Flashing mirror and the cathode ray tube, all 
Circuit of which must be adjusted to the 

frequencies to be investigated. 

(b) Saw-tooth Discharge Circuits with Glow Lamps and 
Thyratrons. Low-frequency discharges with triangular or 
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saw-toothed characteristics can be most simply produced by 
ticking circuits using a neon lamp with linear or exponential 
voltage rise and discharging with a very rapid fall of potential 
across its terminals. With the assistance of a simple ticking 
circuit, without forced synchronization (Fig. 223) consisting of 
glow lamp, condenser, resistance and charging battery, let us 
trace qualitatively first of all the 
processes involved in the familiar 
arrangement of glow lamp with 
condenser and resistance from 
the static characteristic. From 
the outset it must be under¬ 
stood that the following con¬ 
siderations omit the inertia of 
the lamp, hysteresis phenomena, 
and self-inductance. 

Fig. 224 shows in the static 
characteristicof a neon lamp with Fig. 224. Static Chabacjteristic 
electrodes of the same size-^^*^^ ^ Neon Lamp 

We will consider firstly the stable 

condition and what happens on switching on. If first of all it 
is assumed that the lamp is connected to the voltage F (i? = 0 
in Fig. 223), the current, igi in the circuit, corresponds to the 
battery connexion Pg in Fig, 224. The condenser in parallel 
with the lamp does not influence the stability of the arrange¬ 
ment in any way. Suppose a positive resistance R is now 
introduced into the circuit and assume that the point of 
intersection of the corresponding resistance line 



r[{V-ig^R)ig^] . . . (50) 

with the characteristic is P,.. It will be agreed that this 
condition, like the first one, is stable, i.e. the lamp still 
functions with reduced current. The difference between the 
lamp or condenser voltage Vg and the applied voltage V 
must be absorbed in the resistance R should the equilibrium 
be upset, whence 

V — Vg iR = Vg igiR 4 “ icR- 
ic — C(dvjdt) 

= ( F - ig^R ~ Vg) (1/P) = (r V,) 1/P . (51) 

i.e. the right-hand side shows that for each abscissa the 
charging current of the condenser is proportional to the 
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distance of the lamp characteristic Vc from the resistance line r. 
Assuming that the equilibrium is disturbed at a given moment 
and that igi is slightly smaller than the value corresponding to 
the operating point P^, then this difference becomes positive, 
i.e. ic~C, {dvjdt) > 0; the lamp voltage must in fact 
increase with time until equilibrium at again is established. 
In this way the operating point on the lamp characteristic 
tends to move away from the position of disturbed equilibrium. 
It follows immediately that this direction of movement in 
Fig. 224 is towards the equilibrium position P^, i.e. the equili¬ 
brium position is stable. The question now arises what happens 
when the lamp is switched on and how can the stable operating 
point be reached? At first, the lamp represents an infinite 
resistance, i.e. the condenser C charges up in the well-known 
way exponentially with time through tlie resistance R, during 
which process the operating point of the lamp moves on the 
ordinate axis from 0 to As soon as this point i.e. the 
striking voltage, is reached, v^, cannot inc‘rease further, although 
if. • R = R . C . (dvldt) being still positive, it demands that v^. 
should increase. In consequence, the operating point jumps 
over on the rising branch of the characteristic to at which, 
ignoring the self-capacitance, the lamp current rises in surges 
to the value of igi 2 and then finally takes up the position Pg. 
Therefore, the lamp even when connected through resistances 
at first glows brightly for a short time, and then continues to 
glow at reduced brilliancy. From consideration of the stable 
condition and the method of connexion, we now come to the 
condition which results in the periodic discharge. R is now 
increased until, according to Fig. 225, the equilibrium position 
lies between Ki and A'g on the lamp characteristic. Following 
the considerations on the subject of stability, the directional 
arrows inserted show that the point Pg be unstable. 

Switching on results as follows, v^. again rises to ATg, jumps 
over to and falls to at the prescribed rate. Here the 
distance between the characteristic and the resistance line 
requires a further drop from v^., but the characteristic only 
permits of this after immediate transfer to i.e. the lamp 
is extinguished, the voltage rises again to Ag i'be cycle 
commences afresh. Fig. 225 (6) shows qualitatively the pro¬ 
cedure repeated periodically showing the current and voltage 
to a time scale. Sources of quantitative error were referred to 
at the start. 
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The striking and extinction potentials, and also the spread 
of the ranges of normal and abnormal cathode drop, are 
dependent to a great extent on the material of the cathode and 
its shape, as well as the gas used for filling the tube. The 
value of the voltage, of the resistance JB, and capacitance G 
shown in Fig. 223, determines the shape and time traverse of 
the saw-tooth oscillations. The time constant resulting from the 



Fig. 225. Characteristic of a Neon Lamp in a Flashing Circuit 
WITH Appropriate Time Scale 


charging resistance JB, and capacitance C, determines the period 
of rising voltage and that due to G and the lamp resistance deter¬ 
mines the fall. The rise corresponds to the time base of the 
oscillogram to be traced; the fall brings about the fly-back of 
the cathode ray to its initial position. As the return time should 
be as small as possible compared with the forward time 
traverse, the magnitudes of the components in the discharge 
circuit must be selected to secure this 
condition. If the time of fly-back is to 
be as short as possible, the capacitance 
must be reduced to a minimum, the 
irreducible limit being the self-capaci¬ 
tances which are of the order of 5 fifiY, 

With a glow lamp circuit of this kind it 
is possible to attain frequencies up to 
100 000 eye. with ticking circuits if one Fig. 226 

is prepared to accept the resultant 
reduction in amplitude which occurs and Neon Lamp 
as the discharge frequency is increased 

or alternatively to arrange for subsequent amplification. To 
reduce the time lag of the discharge, the tube is filled with 
hydrogen for high frequencies. Charging capacitances of the 
order of 10 ////F. are only used for high frequencies where 
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the curve must be traced without interruption, as the poor 
result which is necessarily obtained is a definite disadvantage. 

Fig. 226 shows a ticking circuit which is a development of 
the circuit shown in Fig. 223 with the addition of a transformer 
for synchronization. In order to ensure constancy of the 
voltage gradient dvfdt, even with a large difference between 
the striking and extinction voltages, a valve has been substi¬ 
tuted for the resistance R. If the circuit is operated under 

conditions of current saturation 
in this valve, a linear instead of 
an exponential rise of voltage 

~ __ with time will be obtained, and 

this makes the evaluation of the 
oscillogram easier. The passage 
of current by adjusting the 
filament heating is easier, and 

V - can be carried out over wide 

limits. It should be noted that 
the direct voltage used is high 
compared with the striking volt- 
age of the lamp, so that the tube 

.. V _ operate with safety under 

conditions of current saturation. 


Fig. 227. Cubvbs showing 

CiTBRBNT IN A TtMB DISCHARGE 
Circuit having Variable 
Resistance 

Length of oscillogram - sec. 

C =- 10* ufAh', Aj)i)rox. 


An advantage of this circuit is 
that the source of synchronizing 
voltage, except at the moment 
of discharge, in the ticking cir¬ 
cuit, is generally unloaded, and 
there is no disturbance of voltage 


rise in the ticking circuit from this cause. A disadvantage 


of this old circuit, which is now seldom used, is that the 


discharge process is slowed down and reacts strongly on the 
primary side of the synchronizing transformer or coupling link 
provided in its place. In order to manage with small resist¬ 
ances in the discharge circuit, and to eliminate reaction which 
becomes particularly objectionable if the measured voltage is 
to be used simultaneously for synchronization, the synchroniz¬ 
ing voltage is generally fed through one or more amplifying 
stages. This circuit, therefore, involves considerable equip¬ 
ment. Fig. 227 shows oscillograms of the discharge process in 
the lamp and the way in which this is affected by a resistance 
in the discharge circuit. The upper is the current curve with 
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a non-inductive series resistance of about 5 000 ohms. The 
centre oscillogram represents the conditions without resist¬ 
ance or inductance. The lower one shows the slurring ejBFect 
of the resistance and inductance of the sjmchronizing trans¬ 
former. On the one hand, the last oscillogram shows the 
slurring effect of the inductance which produces an oscillation, 
and on the other hand it will be seen how the ohmic or induc¬ 
tive resistance increases the fly-back time of the discharge 
circuit. Whereas the discharge time is about 0*5 . sec. 
in a circuit without resistance, i.e. through the internal 



Fig. 228. Simple Neon Lamp Circuit with External Control of 
Synchronization for Producing Saw-tooth Oscillations 


resistance of the lamp alone, this period is increased about 
five times by the synchronizing transformer. 

In order to dispense with the control transformer, it is 
expedient to attain synchronism by means of a special control 
inside or outside the discharge tube, this control directly 
influencing the discharge in the tube itself. The first case 
leads to the use of the grid-controlled discharge tubes, 
known as thyratrons; the latter case is exemplified by the 
externally controlled discharge tube. Fig. 228 shows a dis¬ 
charge circuit in which a lamp is controlled by an external 
electrode. Direct current is obtained from an a.c. supply 
through a hot cathode rectifier, the output being well smoothed 
to avoid introducing undesirable disturbances. The condenser 
is charged at a uniform rate by the saturation current of 
another valve. The discharge condenser is divided so that 
sufficient variation in time velocity can be obtained. The posi¬ 
tion of the oscillogram on the screen is adjusted by variation of 
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the bias voltage through potentiometer tappings. Although 
the a.c. heating of the rectifying valve is carried out from a 
winding of the mains transformer, the charging valve is heated 
from a separate accumulator. Heating from the mains should 



Fig. 229. Neon Dischargp: Lamp with External Control Electrode 

{Let/hohrs A.O ) 

be avoided in princij)le in this case, because mains voltage 
variation causes considerable changes in emission. Perfect 
synchronization could not be obtained, and the splitting up 
of the figure would naturally result. The discharge is effected 



Fig. 230. Interior of a Time Base Circuit Syn( hronized by an 
External Control Electrode 

by the external electrode which is connected to the synchro¬ 
nizing voltage. The metallic coating which comprises this 
electrode is sprayed on the glass bulb shown in Fig. 229. With 
such externally controlled tubes, as in fact with any sealed off 
discharge lamps, the striking and extinction voltages are 
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practically constant so that the limits of the discharge, in such 
a tube, are known. If a larger or smaller voltage amplitude 
is desired, the tube must be changed for one of a different 
rating. The externally-controlled discharge tube operates with 
a synchronizing voltage as low as 20-30, so that, in most cases, 
the measured voltage can be used for this purpose. The interior 
view of such an equipment with external control of synchroniza¬ 
tion is shown in Fig. 230. 

Fig. 231 shows a standing figure obtained with the circuit 



Fig. 231. Figtre Synchronized by External Control 
(S iNi^aoiDAL Voltage 800 v.) 

of Fig. 228, and indicates clearly the short fly-back period. One 
particular advantage which this method of synchronization has 
over the older arrangement is the absence of reaction and the 
extremely simple connexions. The connecting up of the 
external electrode, which has a capacitance of less than 10 ^^F., 
does not put any appreciable load on the measured voltage. 
If the charging valve is to have its heater operated from the 
mains, it is ])referable to use an indirectly heated screen- 
grid valve. With the screen-grid valve, the current charging 
the condenser is independent of the voltage on the condenser, 
on account of its high amplification factor. It is advisable 
for constancy of current and voltage to introduce glow discharge 
tubes as stabilizers. Even without such additions, the charging 
currents in mains-operated equipment are constant enough to 
prevent synchronization being upset. An example given in 
Fig. 232 is one of a rather old saw-tooth oscillation circuit with a 
screen-grid valve developed for television. This principle of 
charging can be used, of course, not only for the glow lamp 
synchronization arrangement as shown, but also for any other 
discharge and synchronizing circuits (e.g. glow lamp with 
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external control, thyratron circuits, mechanical contacts, etc.). 
A disadvantage of this arrangement is that the charging current, 
and therefore the resulting discharge frequency, can only be 
adjusted by variation of the grid bias over a comparatively 
narrow range. Consequently, if wide frequency ranges are to 
be covered, the capacitances must be variable over a consider¬ 
able range when charging through a screen-grid valve. The 


Synchronizing voltage 



Fig. 232. Time Base Circctit which Admits oe Modulation, the 
Condenser beinc; Charged through a Screen Grid Valve 


screen-grid valve has a jiroperty which gives it a great ad¬ 
vantage over other alternatives for use in a saturated cur¬ 
rent charging circuit. It is capable of altering the charging 
currents without any lag. To do this it is only necessary to feed 
alternating voltage to the grid of the valve. If the frequencies 
of the modulating alternating voltage are high compared with 
the discharge or saw-tooth frequency, the slope of the rising 
portion of the discharge curve is modulated in steps. If the 
modulation frequency is small compared with the discharge 
frequency, then the duration of the individual discharges will 
vary. The possibility of effecting modulation in this way is of 
considerable importance in special television problems as well 
as for special problems involving measurement. Following on 
the discussion concerning a method of modulating the charging 
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current, let us discuss briefly what are the limits within whick 
this current varies in practice. It was stated above that the 
discharge current is limited by the properties of the lamp. 
With commercial lamps it is of the order of a fraction of an 
ampere. In the case of well-shaped discharge curves, where the 
charging time is long compared with the time of discharge, the 
currents may be a few milliamperes at the most. On the other 
hand the current cannot be reduced as desired. For instance, 
in f)roducing very slow saw-tooth oscillations it is not feasible 



Fig. 233 . Time Disc’harge CirRVE in which the Rising Portion is 
Slightly Distorted (Charging Current and Capacity 
ARE too Low) 


to reduce the rate of discliarge by merely decreasing the charg¬ 
ing current. In the older ty})e of tube construction particularly, 
doing tliis brings the cliarging current to the same order of 
magnitude as the current to the deflecting plates, when dis¬ 
tortion of tlie discharge curve will occur and external origin 
en‘or will become relatively large (see above). 

Fig. 233 shows an oscillogram for a saw-tooth oscillation 
circuit taken under these conditions from which the zero error is 
clearly visible. In order, therefore, to obtain linear time deflec¬ 
tions of slow traverse, the charging capacitance must be in¬ 
creased. Also, the limits indicated above must also be taken 
into account here, for an increase in the charging capacit¬ 
ance in certain cases causes such an increase in the discharge 
current that the area in which the lamp operates is displaced 
into the range of the abnormal cathode drop, leading to 
disturbances in the discharge process. Consequently, for slow 
time deflection, lamps with large electrode area which will 

i8—(T.36) 
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with certainty remain in the area of the normal cathode drop, 
should be used where possible. In the production of higher 
frequencies also, large capacitances and lamps with large area 
electrodes should be used in cases where the discharge circuit 
is heavily loaded. 

As already stated above, it is hardly possible with glow lamps 

to vary the amplitude of the dis¬ 
charge voltage by simple external 
control. Nevertheless, the possibility 
of such amplitude adjustment will 
be desirable in many cases. Sub- 
""ok A tTe sequent regulation of the amplitude 

Circuit can be obtained by a voltage divider 

a suitable arrangement of which is 
showm in Fig. 234. In order to avoid distortion of the current 
characteristic, such a discharge voltage divider must oj)erate 
independently of frequency over an extremely wide range uj) 
to about fifty times the discharge frequency to ensure that 
there is no rounding-off of the upper and lower peaks of the 




Fig. 235 . Time Base Circuit for Battery Operation using a 
Tiiyratron 

dis(*harge curve. To meet this condition, in spite of unavoid¬ 
able parallel ca])acitances, the non-inductive voltage divider 
must not be too highly rated. When such a divider is used, 
therefore, a high load on the discharge circuit must be antici¬ 
pated, and this should be obtained through a subsequently 
coupled valve and not through the circuit of Fig. 234. The 
capacitance coupling provided in Fig. 234 must be chosen so that 
the lowest fundamental frequency is transferred without diffi¬ 
culty or phase displacement. Distortion of the discharge curve 
is only effectively avoided when the reactance of the coupling 
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condenser for a sine wave voltage of the discharge frequency 
amounts to one-tenth the ohmic resistance of the divider. 
Such a voltage divider is particularly useful when the discharge 
voltage is to be amy)lified. Its application, however, is usually 
limited to the range of lower frequencies. If voltage division, 
independent of frequency over a wide range is desired, capacit¬ 
ance dividers similar to those previously described may be used. 

When using an amplifying stage in the time-base circuit the 
anode resistance feeding the deflection voltage to the fflates 
can conveniently consist of a potentiometer to permit simple 
adjustment of the am])litude without reaction on the dis¬ 
charge circuit. A simpler and less distorted regulation of 
the discharge voltage amplitude can be carried out by 
thyratrons. The range of regulation with these units is sufi&cient 
for most purposes. The thyratron is a hot cathode gas-dischjp^e 
tube in which the discharge is controlled by an electrode 
mounted between cathode and anode. The physical properties 
of the grid control of gas-discharge tubes have already been 
discussed at length elsewhere.The circuit arrangement of a 
simple battery-operated discharge circuit using a thyratron is 
shown in Fig, 235. This only differs from the earlier discharge 
circuits in that the grid circuit of the tube appears as an 
addition. By making the initial voltage of the control grid 
more or less negative by means of the potentiometer shown, 
the striking voltage can be adjusted and variation of the 
discharge amplitude obtained. A resistance is connected in 
the grid circuit—this must not be of too high a value on 
account of the high grid current—in order to superimpose on 
the direct voltage of the control electrode an alternating voltage 
for the purpose of synchronization as discussed in more detail 
below. It follows naturally that when the discharge amplitude 
in the circuit of Fig. 235 is adjusted, a change in the dis¬ 
charge rate takes place since the charging current remains 
constant. 

For certain applications, such as tracing sound-film ampli¬ 
tude curves, it may be of interest to modulate the amphtude 
at constant frequency. Fig. 236 shows a circuit devised by 
the author which is suitable for this purpose. In this, the 
modulating voltage is applied also to the grid of the screen-grid 
charging valve with the same phase but variable amplitude. 
In this way, the condition that the charging current increases 
immediately the discharge amplitude increases, is secured. 
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With this contrivance it is possible to control the amplitude 
of the discharge without simultaneous frequency modulation. 

It is usual, in practice, to communicate an alternating volt¬ 
age to the grid of the control valve also by transformers instead 
of condensers. In choosing the coupling unit the fact that the 
internal grid resistance of the discharge tube may at times be 
low, should not be forgotten. If the a.c. frequency at the 
control grid of the gas-discharge tube is equal to or lower 



yo/fage 

Fig. 236. Circuit fob Modulating the Amplitude of the 
Discharge without Modulating the Frequency 


than the frequency of discharge, extremely stable synchroniza¬ 
tion of the discharge circuit can be obtained. One particular 
advantage of the hot cathode discharge tube is noticed here, 
viz. that the striking and extinction voltages show very great 
constancy. The regularity of operation with good thyratrons 
approximates in discharge circuits to that obtained with high- 
vacuum valves. Another distinction from glow lamps, due to 
the more satisfactory ionization from the hot cathode emission, 
is that the thyratron even in combination with capacitances 
of several hundred micromicrofarads can be used for high 
frequency. For instance, with the circuit of Fig. 235 and the 
A.E.G. valve T166, rates of discharge up to 100 000 eye. could 
be produced although with only relatively low amplitudes of 
about 20-30 volts. 

Fig. 237 shows a circuit using a thyratron and charging 
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through a screen-grid valve for all-mains operation, which 
permits of simultaneous adjustment of the stationary position 
of the ray in both co-ordinates by bias voltage. The presence 
of a non-inductive resistance of several hundred ohms in 
the anode circuit of the gas-discharge tube is worthy of 
note. This resistance serves to limit the current and protect 
the gas-discharge tube from serious overload, and its use is 
particularly recommended when large charging condensers are 



Fig. 237. An Old Fokm of Time Base Circuit incorporating a 
Thyratron for Mains Operation 

employed. In contrast to liigh-vacuum tubes with indirectly- 
heated cathodes, a potential difference of more than 10 volts 
must not exist between cathode and heater of a thyratron. As 
an example, it was for this reason that in the circuit of Fig. 236 
separate heating batteries for the charging valve and discharge 
tube were used. The heating of the gas-discharge tube in 
Fig. 237 is carried out by means of a separate transformer 
winding for the same reason. 

Synchronization of the rate of discharge, which with these 
discharge tubes permits of a frequency division of 1: 50, takes 
place at the control grid by means of an alternating voltage of 
about 1 volt. The necessary control voltage is therefore con¬ 
siderably less than in the case of glow lamps where, for instance, 
in externally controlled synchronization, the minimum r.m.s. 
value must be 20 volts. Nevertheless, the power consumption 


Deflection plates of 
the cathode rag tube 
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with the thyratron must not always be overlooked, since the 
voltage mentioned must be maintained across a resistance of 
about 5-10^ ohms. In the discharge circuits previously discussed 
a good performance can be obtained by keeping the charging 
current of the condenser constant. This method is expedient 
if the voltage of the condenser is to be used directly for deflec¬ 
tion, and therefore it is required that the discharge voltage 
amplitude shall be as great a proportion of the voltage of the 
source charging the condenser as possible. Besides this method, 
there is another and simpler way of obtaining a good curve. 
This second method is mostly adopted in time-deflection equip¬ 
ment for measuring purposes, as well as for discharge circuits 
for television equipment. It consists in selecting the discharge 
tube or adjusting it so that the difference between the striking 
and extinction voltages is small compared with the voltage of 
the charging source. Then the voltage range wliich is taken from 
the charging curve of the resistance-condenser unit is so small 
that it is generally linear in practice. But to obtain suffici¬ 
ently large discharge amplitudes, an am})lifying stage is 
necessary. With a given difference in striking and extinction 
voltages, the frequency of the resulting discharge depends on 
the value of the capacitance C and on the charging current; 
or with a constant current source, on the magnitude of the 
charging resistance. As in operation with mains equipment, 
voltage fluctuations must be taken into consideration, the 
locking synchronization must always be made strong enough, 
so that no alteration to the discharge frequency takes place 
in spite of the fluctuating charging current. 

Much better conditions of oj)eration are secured when the 
voltages in the mains section of the discharge circuit are kept 
constant by neon stabilizers. The stabilization of all voltages 
in the discharge equipment is not practicable economically on 
account of the high current consumption, and high direct 
voltages generally present. If stabilization is required, it is 
sufficient, in order to keep the discharge rate constant, to keep 
the charging voltages constant at several hundred volts on 
the one hand and the grid voltage of the thyratron constant 
on the other. As only feeble currents are required for charging 
as well as for the grid bias of the thyratron, it is sufficient to 
use neon stage dividers for the stabilization of such small 
currents. The circuit of an equipment for measuring purposes 
with capacitances charged through a resistance, stabilized 
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charging with th 3 n:atron grid bias and subsequent amplifica¬ 
tion is shown in Fig. 238. In the process discussed—^keeping 
the difference between the striking and extinction voltage as low 
as possible compared with the voltage of the current source— 
it becomes necessary to amplify the discharge voltage by 
(jonnexion of an additional stage. This form of discharge 
ciicuit is advantageous for a number of reasons besides the 
fact that small demands are made on the discharge tube, 
especially if a thyratron. The addition of an amplifying stage 
enables a deflection voltage which is symmetrical to earth to 
be obtainable with comparative ease. The connexions of such 
a stage are exactly the same as those shown in the circuit of 
Fig. 186, already discussed. If the mains equipment supplies 
a direct voltage of 800, undistorted discharge voltages up to 
1 000 volts can be obtained with the circuit of Fig. 238. This 
voltage is sufficient to modulate even the large screen of high- 
vaeuuni tubes operating at 4 000 anode voltage. If the tube R 4 
is a thyratron of the usual construction, discharge frequencies 
up to about 20 000 eye. can be obtained. In the grid circuit 
of the thyratron is a voltage divider for synchronization, which 
permits the adjustment of the voltage necessary for posi¬ 
tive ()i)eration. Such a voltage divider is necessary to ensure 
against too strong a lock in synchronism, which always results 
in distortion or disturbance of the shape of the discharge curve. 

Regulation of the ain])litude of discharge is here again 
(*arried out by the usual bias voltage adjustment. With this 
regulation there is, of course, co-ordination of amplitude and 
frequency mentioned above. Because of this, the regulation 
has the advantage that with smaller amplitudes, the subsequent 
amplifier is seldom fully loaded, and therefore has a particularly 
low distortion. 

(c) Saw^-tooth Discharge Circuits Using Hard Valves. 
The discharge circuits discussed in the last section, especially 
those devices with thyratrons, are relatively simple arrange¬ 
ments which suffice for the treatment of most problems. The 
stability of the various arrangements discussed is so great that it 
satisfies even the high demands which are made in the synthesis 
of high-definition television pictures. Although discharge cir¬ 
cuits using hard valves, as distinct from the others discussed, 
have not as yet jiroved adequate for measuring purposes, it 
is intended to discuss them in detail here. Such circuits using 
valves have a definite sphere of application: precise periodic 




Fig. 238. Circuit of a Pu"Sh-puxl Thyratron Equipment for Measurinq Purposes 
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time deflection at very high velocity. The gas-discharge valves, 
hitherto discussed, fail as has been shown many times before, as 
soon as medium or high-frequency pulses are required. It appears 
also that constancy of characteristics which must be obtained in 
order to get good standing flgures at high frequencies, cannot 
be achieved with gas-discharge tubes. With the same limiting 
conditions, therefore, a high-vacuum tube circuit instead of a 
gas-discharge unit, should be used in investigations which 
involve high-frequency time deflection. From the standpoint 
of circuit classiflcation, the extremely numerous and at first 
sight very varied pulsating circuits using valves, can be grouped 
under two principal headings: the dependent and the inde¬ 
pendent remote control. The dependent and entirely remotely 
controlled pulsations exist only as long as a controlling voltage 
is present, and they follow this in synchronism with the greatest 
precision. Independent pulsating circuits are those which are 
free to operate even in the absence of a remote control 
alternating voltage. All circuits which work in this way prove 
on closer examination to be nothing other than modified valve 
oscillator circuits. The conditions required for the production 
of free pulsations are identical with those for self-excitation; 
a falling characteristic is necessary. The excited oscillatory 
circuit must in addition be abnormal, i.e. one of the two energy 
feeders L and C of the oscillatory circuit must outweigh the 
other. Which of the two predominates depends on the type 
and circuit arrangement of the saw-tooth oscillation device 
employed. 

So far we see the following circuits for the production of 
free saw-tooth oscillations in the analogy with the valve 
oscillator— 

Space charge circuit. 

Electron circuit. 

Reaction coupled circuit. 

All these free pulsating arrangements can be synchronized 
by a remote alternating voltage which has the same frequency 
or a sub-multiple of it. At the same time the alternating voltage 
produces amplitude conditions for discharging at an instant 
which is near its own maximum in time. It becomes effective 
in performing its desired function only when it is increased 
to the peak value of the discharge voltage by the superposed 
free pulsation voltage. The explanation of the frequency 



268 


CATHODE-RAY TUBES 


reduction is as follows. The control voltage imposes a maxi¬ 
mum value on the saw-tooth oscillation at the precise instant 
of flashing, independently of the preceding low-amplitude 
impulses. 

Unfortunately with many independent valve discharge cir¬ 
cuits, the curve shape which results is not sufficiently linear 
for the purposes of oscillography. For this reason valve circuits 
of the second type—^the dependent remotely controlled—^which 
are far better in form of curve than the first, are to be preferred. 
The same principles which underly the dependent remotely 
controlled discharge circuits can be traced in Fig. 239. Two 



Fig. 239. Typical Remotely 
C oNTBOLLED TiME BaSE 
Using Valves 


Fig. 240. Dynatron as a 
Means of Producing Time 
Discharges 


valves, L and E, of which the charging valve L can be replaced 
by a resistance R, are connected to a condenser C. The current 
in E is restrained by a bias potential and is in direct external 
connexion to a control voltage Vc- The control voltage must 
have the rectangular time traverse indicated. The return 
period must be short in comparison with the whole cycle. The 
difference between the familiar discharge circuits lies in the 
production of this distorted control voltage from the external 
source. Usually one valve, or perhaps sometimes two, are used 
for this purpose. The circuit arrangements become very com¬ 
plicated, but they give the best results. A few typical valve 
circuits of both main groups are shown. A typical independent 
circuit arrangement uses the dynatron. By reducing consider¬ 
ably the capacitance in the oscillatory circuit the familiar 
dynatron circuit is converted into the valve-controlled discharge 
circuit of Fig. 240. The shape of the discharge curve is not by 
any means good enough for the demands likely to be made upon 
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it. With low frequencies an improvement can be made by 
using a closed iron cored inductance, i.e. by employing the 
inductance drop. The saw-tooth voltage circuit allows pulse 
potentials to be taken from E to the deflecting plates of the 
cathode-ray tube. Fig. 241 shows a circuit in which a valve 
with saturated current is con¬ 
nected in parallel with the dyna- 
tron. The saturation current is 
adjusted to equal the maximum 
negative current of the dynatron 
which enables a satisfactory pulse 
curve to be obtained. 

The disadvantage of both 
arrangements is that the con¬ 
trolling alternating voltage is 



Fic. 241. Impkoving the Shape 
OF the Uynaiuon Cubve by 
Parallel Constant Current 

subjected to considerable load, 

due to emission from the dynatron grid. In addition, very 
large valves are necessary for high-frequency oscillations, and 
in consequence high losses have to be taken into account 
(transmitting valves). 

With suitable bias voltages and parallel connexion of both 
grids of a double-grid valve, a falling characteristic in the 
grid and anode circuits can be obtained. Fig. 242 shows how 

both grids are electrically coupled 
through a common resistance lead 
Ry whence the space charge grid 
receives about half the saturation 
current through the battery circuit 
shown, whereas the normal grid in 
practice receives only a small cur¬ 
rent on account of its bias. This 
circuit appears again as an oscillat¬ 
ing audion (Roosenstein's Negadyn) in radio reception, being 
replaced by an oscillatory circuit. If the grids are subject to 
voltage variation, this circuit behaves like a direct coupled 
amplifier which increases in sensitivity as R increases, but 
becomes unstable at a critical value of R. The arrangement is 
then equivalent to a kind of pulsating relay, i.e. a system which 
can only assume two stable conditions: between maximum 
and zero anode current the system pulsates backward and 
forward without inertia if the grid or anode circuit is suitably 
excited. In the circuit of Fig. 242 saw-tooth oscillations occur 
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Fig. 242. Foir-elegtrode 
Valve as a Relay for 
Prodtcing Time Discharges 
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through the introduction of the capacitance G, which is 
charged at a uniform rate by the charging valve L, The pulsa¬ 
tions can again be controlled by voltages across R, Ignoring 
a rounding off at the discharge })oint, the curve has a useful 
form, but the load on the controlling source is again fairly high. 



Fig. 243 . Simple Valve Cibcuit for Producing Time Discharges 
FOR Meast'ring Pijri‘oses 


An arrangement somewhat more favourable in this connexion 
is given in the diagram, Fig. 243, which shows a complete 
arrangement for measuring i)urj)oses. On account of its great 
simplicity, this circuit has attained considerable importance 
among valve-controlled saw-tooth oscillation circuits, especially 
for television. 

A dynatron circuit with screen-grid valve capable of pro¬ 
ducing pulsations, whose method of operation results from the 
special characteristics of the screen-grid valve, has been 
Ya _ published by Ulbricht.^^^^ The 

grid of the valve, as shown in 
Fig. 244, is connected to a tap¬ 
ping on the resistance in the 
anode circuit, so that the grid 
voltage varies with the anode 
current and a deflection of the 
Fig. 244 . Time Base Circuit cathode ray proportional to time 
USING a Screen-Grid Valve jg obtained. The shape of the 
{Uibricht) pulsating curve depends greatly 

on the outline of the valve characteristic. The pulsating 
circuit is synchronized by superimposing a controlling alternat¬ 
ing voltage on the grid circuit in such a way that it just exceeds 
the unstable portion of the characteristic. In the very short 
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time involved in the flashing process, frequencies of lO"^ eye. 
can still be observed quite comfortably. Developments have 
shown that such a circuit arrangement as the dynatron or 
negadyn, which operate under abnormal current conditions in 
electron tubes, are generally replaced by circuits which include 
hard valves operating under 
normal conditions. A two-valve 
circuit familiar since 1920 forms 
the basis of the important 
group of reaction coupled cir¬ 
cuits : the Kallirotron of Turner. 

Fig. 245 shows the connexions Fig. 245. Kallirotron (Turner) 
of this circuit which is identical 

with a direct-coupled amplifier. The second valve is chiefly 
used for phase reversal. With a suitable degree of amplifi¬ 
cation or magnitude of the coupling resistance, this system also 
becomes unstable, and as soon as the input voltage exceeds 
a peak value operating in the correct sense it adjusts itself 
to one of its unstable limiting conditions in which the anode 
current of either valve I or II is cut off. 

This circuit again forms a pulsating relay and is now of the 
greatest importance even in other spheres of electro-technical 




Fig. 246. Kalliri)tron with Central Battery Operation 


research, for instance in research on transients. Fig. 246 
shows the Kallirotron in a j^ractical circuit; the separate batter¬ 
ies are replaced by one common battery, and the third valve 
is for controlling the circuit. 

The system is enabled to produce saw-tooth oscillations only 
after the introduction of a condenser. The ordinary resistance 
amplifier with only one coupling circuit in place of the grid 
battery 0,B, (Fig. 245) gives rise to saw-tooth oscillations as 
soon as reaction is introduced between anode II and grid I. 
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The best-known form of construction of a reaction coupled 
two-stage amplifier is the rmdtivibrator of Abraham and 
Bloch/^®^ shown in Fig. 247. One can recognize the reaction 
coupled resistance amplifier whose pulsation frequency is varied 
by changing the coupling condenser C. The circuit is of great 
importance as a frequency reducer; it can be synchronized 



Fio. 247. Multivibrator Synchronized by a Preceding Valve 
WITHOUT Reaction 

very well, for instance, as in Fig. 247, by modulation of the 
anode voltage by the control frequency through a screen-grid 
valve without reaction. The circuit is, unfortunately, unsuit¬ 
able for tracing time curves as the curve does not give 



Fig. 248. Symmetrical Time Base Circuit using Valves 
{Fruhavf) 

an extended linear range, but is composed of symmetrical 
imijulses of short duration. 

The symmetrical valve pulsating circuit of Friihauf^^^^ 
(Fig. 248) is a modification of the Abraham and Bloch multivi¬ 
brator and is derived from it by substituting a direct coupling 
using separate batteries in place of the resistance-capacitance 
coupling of the valve. This enables static tracing of the 
pulsating voltages to be made exactly as with glow lamps. 
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The use of the Kallirotron in conjunction with the circuit ot 
Fig. 239 is of importance. This circuit, which was developed 
by E. Hudec (see below. Fig. 261), is really relevant to this 
section. In order that it shall be better understood it will first 
be discussed further on. 

The combination of charging and discharging valve with 
the condenser (Fig. 239), already mentioned, constitutes the 
basis of the most important group of dependent remotely- 
controlled pulsation circuits. In principle, control can be 
effected just as well at L as at iJ. Control in the charging 



Fig. 249. Discharge Control by Cutting Off the Voltage 

circuit has tlie disadvantage that there is essentially some 
distortion of the useful voltage available at the condenser. 
This disadvantage (e.g. E. Hudec, Ger. Pat. 497473) can only 
be overcome by the introduction of further valves and circuits, 
with consequent complication of the equipment, since it con¬ 
stitutes a convenient device for the production of rectangular 
shaped signals which are required to control dependent pulsa¬ 
tions. The control of the discharge in circuits using hard valves 
exclusively is more complicated than that of gas-filled tubes 
used in the circuits hitherto described. This requires, firstly, 
a discharge valve of such high emission that the time of dis¬ 
charge of the condenser C is short compared with the useful 
charging time. At high frequency, therefore, valves of ex¬ 
tremely high emission are essential. The circuit must be 
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arranged so that the grid voltage is sufficiently negative during 
the process of charging. A positive value which starts the 
discharge must only exist during the |»eriod when the discharge 
is taking place. 

Grid potentials of the form mentioned are most simply 
obtained by means of voltage tapyangs as in Fig. 249. A bias 
voltage ensmes that the grid of E becomes y)ositive only during 
the short period when the momentary value of the alternating 




Fio 250 Impulse Control of the Discharge 

control voltage exceeds the value Vg. This period depends on 
the relation between the two voltage amplitudes. The maxi¬ 
mum voltage must bring the discharge valve into operation at 
once. In order to avoid loading the controlling source, the 
control circuit must be free from grid current. These conditions 
can be fulfilled by the selection of a suitable discharge valve, 
preferably of the screen-grid type. By using a screen-grid 
valve, the return stroke (fiy-back on the oscillograph) is linear 
and the point at which the pulse starts is well defined. 

Fig. 250 shows another way of obtaining the control impulse 
from an alternating voltage, the so-called impulse method. This 
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circuit operates with much lower control voltages and is greatly 
dependent on amplitude. Furthermore, it cannot be extended 
into the high-frequency range as can be done with the circuit 
of Fig. 249. The first valve operates in the overloaded state. Its 
anode current is limited by the saturation value and has a 
rectangular time characteristic as indicated. The transformer 
output voltage consists, therefore, of alternative positive 
and negative potential impulses, the duration of which may 
be very short corresponding to the time taken by the control 
voltage to cover the valve characteristic. The result pro¬ 
duced is that of definite pulsations of suitable outline as shown 



Fig. 251. Old Form of Time Base Circuit using Valves { Hudec ) 

by the time curve /v in Fig. 250. A third method is exemplified 
by the dis(‘harge control from the pulses originated by a 
Kallirotron. This last unit, by its nature, acts as a discharge 
relay and converts the incoming control voltage into a 
limited rectangular voltage between definite discharge points. 
The method is so far unsuitable for sim])le remote control, 
as the distance between the zero jioints would have to be 
adjusted by artificial bias on the input side of the Kallirotron. 
E. Hudec adopts the procedure indicated in Fig. 251, there¬ 
fore, and takes the operating voltage for the Kallirotron from 
the voltage used at the discharge condenser. A voltage divider 
provides a reaction to the input grid, whilst the control of 
the discharge valve by the Kallirotron is effected by the high 
resistance R in the first control valve. The circuit gives a very 
good performance, as the control voltage at the grid of the 
discharge tube has a rectangular characteristic. It can be 
accurately synchronized by a voltage w hich is connected to 
the back-coupling path leading to the input grid of the first 
valve. At the same time is practically unloaded. The circuit 
is also suitable for high frequency work in practice, up to 

19—(T 36) 
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300 000 eye. In conelusion, it can be said that the introduction 
of valve circuits for producing saw-tooth oscillations in the 
range of high frequencies is justified. Oscillations uj) to 5*10^ 
eye. can be produced with such valve circuits. These are 
sufficient to make four whole periods of a wavelength of about 
100 m. visible. They are therefore sufficiently good for many 
other high-frequency investigations, though for the production 
of such high frequencies valves of very high emission are 
essential. In making comparisons with the flashing circuits 
previously described it should be stated that those employed 
for time deflection using hard valves—even of the simple type 
shown in Fig. 243—are more costly than those using gas- 
discharge tubes A few more recent circuits are to be found in 
Chapter IV of the book in connexion with television apparatus. 
Electrical time deflection for the tracing of predetermined or 
unpredicted transients is a sjjecial sphere of utility for which 
valve circuits of varied frequency ranges are generally used. 

(d) Electkical Time Deflection for Non-Recurrent 
Phenomena. The conditions of operation which occur with 
the tracing of non-recurrent processes are different funda¬ 
mentally from those which obtain in the registering of periodi¬ 
cally recurring events. In the first case, a definite periodic 
cycle exists in the work circuit as well as in the time base 
circuit during the whole time the cathode ray is ready to 
make a trace. When tracing isolated transients, the ray is 
deflected in the abscissa direction only once for each record. 
The beginning of the deflection in this direction should coincide 
with the beginning of the deflection in the ordinate direction. 
In the tracing of periodically recurring events there is a con¬ 
tinual oscillation of the time deflection circuit between two 
stable positions. In isolated non-recurrent phenomena the 
ray is deflected once, the time circuit passing from one stable 
condition into the other, whence it may return to its original 
condition. The single time sweep is controlled with the assis¬ 
tance of a definite f)rocess, e.g. the charging or disciharging 
of a condenser through a resistance, the “time deflection’’ 
capacitance consisting of the capacitance of the time deflection 
plates and of the variable condenser in parallel with them. 
The charging or discharging takes place logarithmically accord¬ 
ing to the usual condenser charging characteristic. The change 
in voltage and velocity of time sweej) are not, therefore, con¬ 
stant, but become slower and slower towards the end of 
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the event. In order that the initial and final scales of time 
shall not differ too greatly, the first part of the charging curve 
is used in this simple method, where the curve is almost straight. 
Usually the time-base voltage employed is sufficiently high so 
that only a portion of it is required to trace the whole oscillo¬ 
gram. The rest of the voltage change is not used for the 
oscillogram, since the fluorescent spot lies outside the field 
photographed. 

It is usually desirable to obtain a perfectly uniform time 
base so that calculations from ])revious calibration are avoided. 
In such cases, as also in the case of periodic time sweeps 
discussed above, a high-vacuum valve with a definite saturation 
current is used instead of a resistance to obtain a uniform 
charging current for tlie condenser. As the time occupied in 
tracing the oscillogram is relatively short in the photographing 
of non-recurrent events, the cathode ray must be prevented 
from remaining stationary at a point on the fluorescent screen, 
either before or after taking the ])hotogra])h. This would give 
rise to ])remature bla(*kening not only at the ])oint where the 
spot was stationary, but at all other ])arts of the photographic 
medium. In order to avoid accidental blackening, the ray is 
often deflected off tlie screen and only brought into the field 
of the oscillogram by the o})eration of the time deflection circuit. 

As this may result in the loss of part of the process under 
observation, this loss may be reduced, when tracing a curve 
of definite polarity, b}" allowing the ray to make another trace 
in the ordinate instead of the time direction. To do this the 
zero line of the oscillogram is displaced outside the outline 
of the figure. To ensure a minimum loss in the abscissa direc¬ 
tion, it is better to deflect the ray to the side of the screen as 
stated above, and allow it to trace the oscillogram quickly 
through a special pre-deflection circuit. For this purpose either 
a potential difference at a special pair of electrodes is caused 
to collapse quickly, or the time sweep at the deflecting plates 
is allowed to be advanced. At the same time the releasing 
devices should be so adjusted that the fluorescent spot is 
quickly set free from the point outside the screen, where it is 
located during the quiescent period, to the point on the screen 
where the oscillogram starts. Usually the subsidiary or pre¬ 
liminary deflection is not (piite sufficient to prevent the photo¬ 
graphic material from being slightly fogged. As a result of the 
very protracted }>eriod before the ray is brought into action 
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in comparison with the period of the time sweep, stray electrons, 
secondary electrons, and X-rays of low intensity are quite 
sufficient to blacken the photographic material very consider¬ 
ably by their direct or indirect action. Arrangements should 
therefore be made that as long as a tracing is not taking place, 
i.e. during the whole period when the ray is deflected off the 
screen and ready to start a traverse, the ray does not reach 
any part of the screen which is photographically active. To 
secure this end, two methods are available: firstly, that in 
which the cathode ray is switched off during the waiting period 
and brought into action for a very short period for each tracing; 
secondly, by ray extinction, a method by which the cathode 
stream is maintained during the waiting period but is obscured 
in a particular area. The method of switching the ray on 
and off can be carried out with the helj) of mechanically- 
operated switches or quick make-and-break rotary switches, 
or alternatively by spark gaps or grid-controlled valves. 
In earlier arrangements the anode voltage of the cathode-ray 
tube was switched off. In modern tubes switching the ray on or 
off without time lag can be arranged by means of the brightness 
control electrode with a change of only a few volts and very 
low power consumption. Extinction of the ray is effected 
throughout by purely electrical means in the low voltage 
cathode-ray tube, by deflecting the electron jet in front of the 
anode window during the waiting period, by means of electro¬ 
static or electromagnetic fields and allowing it to be extin¬ 
guished in this space. At the instant when a tracing is to be 
made, the fields are allowed to collapse, which operation releases 
the ray and it can then reach the screen through the anode 
aperture. The various auxihary circuits which are required for 
tracing non-recurrent phenomena must work satisfactorily in 
conjunction with each other if perfect tracing of the oscillogram 
is to result. In tracing a figure, the oscillograph must first 
be prepared for such an operation by removal of either the 
deflection or extinction of the ray, or by switching it on. 
When switched on for single time swee|), the abscissa deflection 
must come into action simultaneously. If, after tracing the 
oscillogram, the electron jet is not deflected very far from the 
edge of the oscillogram, and if non-recurrent processes of 
different nature are to be traced consecutively at short intervals, 
the ray must be brought back to its original position as quickly 
as possible. The circuits and their components for control of 
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the auxiliary circuits are described briefly in the following 
paragraphs. 

Switches consisting of a metal pin dipped in a cup filled with 
mercury are very often used for controlling the auxiliary 
circuit of the oscillograph. Usually, however, ordinary switches 
or keys are sufficient. It is desirable to connect in parallel with 
switches controlling heavy loads a special circuit consisting 
of a condenser and resistance in series. When the switch is 
being closed, an arc is formed in the air between the contacts 
before they actually touch, or in the case of low voltages at 
the instant when contact takes place. As a result of the dis¬ 
charge current in the condenser this arc is a good conductor. In 
particular, the extinction and re-establishing of the arc at the 
switch is avoided in high-frequency work when the current 
passes through the zero of the cycle. The resistance in this 
circuit prevents the duration of the discharge being too 
short. Experiments show that it should be made of such 
a magnitude that an initial current of 10 amperes flows through 
the switch. The capacitance of the condenser should be of the 
order of 0*01 to 1 //F. Sparks gaps can also be used in place of 
mechanical switches. If these are connected to low voltages, 
it is also expedient here to connect in parallel a circuit as 
described above. Usually spark gaps are energized by raising 
the voltage slowly to the arcing point, or by raising the poten¬ 
tial suddenly to a value exceeding the static arcing voltage. 

If the arc is to take place as quickly as possible after the 
voltage is raised, the gap must be exposed to a powerful source 
of ionization—an arc or mercury vapour lamp or a radioactive 
preparation. To ensure immediate arcing, the gap requires an 
excess of 5-15 per cent of its normal static arcing voltage. In 
order that arcing may take place with relatively small change 
in voltage, a bias which is slightly below the static arcing 
voltage is applied. The biased spark gap only strikes with the 
correct polarity. In cases where the polarity is not fixed in 
advance, gaps with three electrodes are used, and these operate 
independently of polarity. To prevent delayed operation, the 
electrodes, which get burnt after frequent use, should be kept 
clean. The function of arc units can be performed by electron 
tubes which can operate simultaneously as switching devices 
and as amplifiers. They are used in all cases where only 
relatively low voltages are available for control. As their 
efficiency is limited by the emissivity of the cathode, they are 
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slower in action than spark gaps, the current of which may 
be quite large. To make up for this, they are independent of 
external disturbances and generally operate more reliably than 
spark gaps in cases where continual supervision is not possible. 
If the discharge current is to be constant during the j)eriod 
of switching on, valves with definite saturation current should 
be used. Thyratrons can also be used under certain conditions. 

The arrangement of the circuit elements in a complete time 
measuring circuit depends on the nature of the process to be 
recorded. There are two main groups, i.e. predeterminate 
and indeterminate processes.* Predeterminate processes are those 
which take place at a time which is definitely selected by the 
observer through the switching of a certain potential into 
circuit. Indeterminate processes, on the other hand, are those 
in which the experimenter has no control over the instant of 
their occurrence, or on the value of the voltage to which they 
give rise, e.g. transients in conductors caused by atmospheric 
discharges or by closing or opening a circuit. The time factor 
of the circuit is of im]:)ortance in fixing the values of the 
com])onents; by this factor is im])lied the period of time from 
the instant when the control is brought into oi)eration to the 
instant at which the ray is in a position to record the event 
under examination. If the ray is switched on mechanically 
when investigating predeterminate f)rocesses, either rotary 
quick make-and-break or multi-contact switches should be 
emjdoyed to bring into circuit first tlie electron jet, then the 
time circuit, and finally the work circuit. With successive 
switching on of the time and work circuits by a mechanical 
switch, the minimum variation in time permissible is 1*10 '^ 
sec. Precise adjustment is extremely difficult. C.\)nditions must 
be such that the.work is recorded on the screen of the oscillo¬ 
graph within an interval which is less than the time variable 
of the switch. For instance it is customary, in order to get 
the process on the screen with certainty, to allow the time 
defiection to proceed for sec. and only bring in the circuit 

under test 2-10“^ sec. after the time deflection is switched on. 
More rapid i)rocesses can only be traced with sufficiently high 
time deflection velocity when deflection in two time co-ordinates 
(see above) is used. 

To avoid these difficulties the work and time circuits can 
be coupled electrically. The switching on of the electron jet 

* The subsequent use of th(*8e terms in the text imply these definitions. 
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by means of a quick rotary switch with subsequent switching 
on of the time circuit now locked with the work circuit can 
be retained. As a result of the synchronization of work and 
time circuits, it is possible to work with single time sweeps of 
very high speed. The switching on period of the ray amounts 
to 10“^ sec. owing to the imperfection of the mechanical 
switching arrangements. The ray remains effective in the 
discharge tube for a relatively long period which is quite 
sufficient with higli outputs to fog the photographic material 
considerably. Mechanical methods of switching on the ray 



Fi(i. 252. Old Form of Timk B\se avd Stopper Ctrc’i it for 

PHOTO(.HAPHTN(i SiNC.LE PrEDETKRMINATE PHENOMENA 
(Di-sdiarue tiiruit with roMstances) 

are not therefore alone suitable for high power electron beams. 
For low current cathode-ray tubes mechanical switching is in 
many cases sufficient to prevent premature fogging. Extinction 
of the ray mechanically has noU so far, met with any success 
in low voltage cathode-ray tubes. 

Inaccuracies of time associated with mechanical switching 
disappear when this is })erformed electrically. For example, 
electrical switcliing (*an be carried out in the following manner. 
A spark gaj) is inter])osed in the conductors between the source 
of anode voltage and the tube. This strikes as a result of an 
impulse due to an excessive potential, w hi(‘h at the same time 
sets free the time circuit and, through a delay device, the work 
circuit. Extinction of the ray is more easily and definitely 
carried out by means of the brightness control electrode rather 
than through switching off the anode voltage as just described. 
In older equifiments extinction of the ray is used more frequently 
than the arrangements in which it is switched off. In this 
method it is desirable to operate the circuit by which the ray 
is obstructed together with the time circuit by the same 
switching control as is used in the work circuit. Fig. 252 shows 
an arrangement which has been developed by Freundlich 
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from a circuit by Rogowski and Flegler/®^) and provides a 
special pair of plates for extinction of the ray. The extinction 
plates SJP, the time deflection plates ZP with the time deflec¬ 
tion condenser in parallel with them, also the leads L which 
connect to the measuring plates of the cathode-ray tube, 
are charged up to the voltage V^ through the resistance iJg. 
Closing the switch S, in parallel with which is the auxiliary 
circuit consisting of the condenser and the resistance Rj^, 
causes the condenser formed by the extinction plates to be 
discharged through the resistance R^p, thus causing the ray 
to be set free. Simultaneously the discharge of the time 
deflection condenser through the resistance R^ commences 

^2 



Fig. 253. Time Base and Stopper Circuit tor Tracing Single 
Predeterminate Phenomena (DiscHAR(iE Circuit with 
Grid-CONTROLLED Electron Tubes) 


(the capacitance formed by the deflection plates is regarded 
as being small enough compared with to be neglected). 
The time constant RJO^ determines the velocity of the time 
sweep. It must be suitably chosen for the duration of the 
event under examination. The time taken for C^p to discharge 
is determined by the value of This resistance is required 
to suppress surges in the extinction circuit which occur on 
switching on. For the usual arrangement adopted in this 
circuit, it has a value of 500-1 000 ohms. 

The condensers and the resistance R^ are only necessary 
when the ray, after tracing the oscillogram, is to be prevented 
from remaining in its final position as long as the switch S 
remains closed. In this case, slight after-glow on the photo¬ 
graphic material is possible. The condenser Ci and the capaci¬ 
tance Cgp are charged from the voltage through the resis¬ 
tances Ri so that the ray is again extinguished independently 
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of the time during which the switch S remains closed. The 
time constants R^C-^ determines the time occupied in re¬ 
setting. It must be of the order of to 1^77 of the time of 
work process. The use of a spark gap in place of the mechan¬ 
ical switch S does not generally necessitate the use of this 
circuit, since within certain limits the time during which the 
arc is maintained is affected by the choice of the time constant 
E.C,, 

Grid-controlled electron tubes can be used in place of dis¬ 
charge resistances in the circuits mentioned. Such an arrange¬ 
ment is shown in Fig. 253. The valve Vgj, controls the 
extinction of the ray and the valve the time deflection. 
The valves are biased on their grid circuits to a high negative 
potential from the battery through resistances and i? 2 » 
that no anode current flows. At the switch S there is also a 
negative voltage which is higher than the grid voltage. The 
moment the switch is closed the grids receive a positive 
impulse which instantaneously restores the valve current, 
so that the extinction is removed and the deflection brought 
into operation. The choice of the constants RiC^ and the 
resistance Rgj, secures the condition that while the switch 8 
is still closed, such a high negative voltage is applied to the 
grid Vsp that the valve is again cut off and the capacitance of 
the obstruction plates again charges up through the resistance 
Rgp. This again ensures that the oscillogram is not over- 
radiated by the fluorescent spot at the final position, and that 
the ray is again cut off while the recharging of the time 
deflection capacitance takes place. Constant velocity of time 
sweep is the advantage secured by the use of electron tubes 
with saturated current in time circuits of this kind. Both kinds 
of circuit given are typical instances where the discharging of 
a condenser is the essential feature. Arrangements in which 
the charging of the capacitance of the time circuit is done 
through the closing of a switch are, of course, possible. Both 
methods permit of a number of different circuit arrange¬ 
ments which will not be treated further in the scope of this 
book. To conclude the section on the control of predeter¬ 
minate phenomena, two other circuits which have been 
develoi)ed particularly for use with low voltage cathode-ray 
tubes are given. 

In Fig. 254 both time and work circuits are switched on by 
means of a multi-contact key. When contact 2 is opened, the 
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cathode ray, which in the quiescent state is deflected to the 
side by a bias voltage, starts its time sweep. When contact 1 
is opened a release magnet applies the work circuit to the 
deflection plates. The shutter of a camera can also be switched 
open electromagnetically by a contact 4. The exposure time 
of the shutter must be regulated to the duration of the event 
under examination in order to avoid after-glow on the plate 
from the return path of the ray. 

With this method care should be taken that the time con- 



Fio. 254. CmcT'iT for Tracing Prfdkterminatk Phenomena with 
Low CiniHENT (’ATHOI)E-RAV Ti HKS 


stants of the various operating relays are correctly synchronized 
with each other, and that tracing only takes place when the 
aperture of the camera is fully open. 

Fig. 255 shows a circuit operated by a key in which Wehnelt 
cylinder control is provided to secure extinction of the ray. 
By depressing the contact arm, which is movable about its 
fulcrum 6r, contacts 1 and 2 are first opened, causing the bias on 
the Wehnelt cylinder to be reduced to the value necessary for 
focusing the ray. The additional bias supplied by a battery is 
removed. By depressing the contact arm still further, contacts 
7 and 8 are closed, which charges the time sweep condenser, and 
the cathode ray hitherto deflected in the stationary position 
outside the screen starts its time sweep. Simultaneously, or 
slightly later, the voltage under test is connected by the 
contacts 5 and 6. 

In tracing indeterminate processes it is no longer possible to 
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control the time circuit (time deflection and ray extinction 
circuit) and the work circuit by the same device. With each 
tracing, the transient must itself set the cathode ray in opera¬ 
tion, and this must be done as far as possible without any time 
lag, otherwise a portion of the transient will have already been 
received before the ray is ready to trace. Switching devices 
which include moving parts cannot be used for this purpose on 
account of their inertia. 

Fundamentally, there are two different ways of putting the 



the i/vifage to be measured 

Fig. 255. Time Deflection and Arrangement for Ray Extinction 
FOR Screen Contact PiiOTOiiRAPHY of Single Sweep 
Predeterminate Phenomena 

oscillograph in a condition to trace indeterminate phenomena. 
In the first method the ray is controlled directly by the work 
circuit. In the second the work circuit excites an independent 
relay whicli is free from inertia and which in turn controls the 
time circuit. 

The first method can be employed with the assistance of 
the special tube shown in Fig. 158, which has been discussed 
previously. As soon as the work voltage is applied to the 
pair of ordinate plates which are permanently connected to 
the external circuit, the current to the guard ring electrode 
ceases, and the drop in voltage across the resistance shown in 
Fig. 158, hitherto due to ray current, is altered. This change in 
voltage which is tapped off at the terminal K must naturally 
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be used to release a single sweep in the abscissa direction. This 
can be carried out by using the voltage variation as a control 
voltage for one of the pulsating discharge arrangements 
previously discussed. 

Spark gaps and electron tube discharge relays have proved 
suitable as independent relays for the second method. Spark 
gaps, it is true, have a very small time lag, but require relatively 
high voltages for excitation. As the spark-gap voltage with 
low time lag is the same as that at the time plates, and since 
this plate voltage, especially in gas-filled cathode-ray tubes, 
cannot be increased as desired, if the possibility of passing a 
glow discharge is to be avoided, these relay devices cannot in 
general be used for low voltage cathode-ray tubes. 

The second type of independent relay, the electron tube 
discharge relay, is based on the principle of direct-coupled 
reaction. The Kallirotron, previously mentioned, is a circuit 
involving the discharge relay which has not so far been 
developed for single time sweeps in recording indeterminate 
non-recurrent phenomena. Various forms of discharge relay 
for tracing such transients have been developed in recent 
years from the Kallirotron. The single grid discharge relay, 
by Freundlich and Knoll, is the most modern of its kind and 
one which responds to positive as well as negative impulses, 
and at the same time has an extremely low delay in response. 
Also, in this relay, the extinction circuit and the time circuit 
are combined together with the actual discharge circuit in one 
unit. It represents a universal equipment for tracing the most 
rapid as well as the slower predetermined periodic or indeter¬ 
minate non-recurrent phenomena. 

Fig 256 shows a circuit arrangement of this discharge relay. 
In the centre of the circuit diagram are the two discharge 
valves ] and 2 with direct-coupled reaction. In the quiescent 
state the grid current of valve 2 flows from the battery 
through the point A and the grid resistance Rg^, so that the 
grid is slightly biased positively. Valve 2, therefore, functions 
with full emission current, and a considerable voltage drop 
exists across R^, The grid of valve 1 is biased negatively 
through resistance R^, so that its emission is cut off. Assuming 
now that a negative potential impulse is applied to the point 
between C^t and Cg, the grid of the valve 2 will suddenly become 
negative. This is subject to the condition that C^t is of the 
same magnitude as the total capacitance to earth at this point. 



ACCESSORIES 


287 


since the voltage division caused by these two capacitances 
determines the grid voltage on the valve. The capacitance 
to earth is shown by the dotted lines and is marked Cg'. It 
comprises the anode capacitance of the valve 1, the grid capaci¬ 
tance of valve 2, and the unavoidable capacitance to earth of 
(72, as well as the conductors. The corresponding capacitance 
Cl at the valve 1, is due to the same factors. The latter 
is, however, augmented by the capacitance of the extinction 
plates. With a negative impulse, the current of valve 2 is 
interrupted and the condenser Ci is charged through JSg- 


SpP 



Fig. 256. Single Grid Valve Base by Freundlich for Tracing 
Predeterminate and Unpredicted Periodic and Transient 
Phenomena 


Simultaneously the grid of valve 1 becomes positive so that 
the anode current is estabhshed in it. As a result, the condenser 
C 2 ^ is discharged whereupon the grid of valve 2 again receives 
a negative impulse. If, in the meantime, the negative potential 
impulse decreases or {lossibly becomes a positive one, the anode 
current of valve 2 is still cut off. The change in potential of 
the point C is employed to raise the potential of the right- 
hand extinction plate through the condenser C^p to the same 
potential as the left-hand plate. The cathode ray which was at 
first deflected now becomes free as a result of this operation. In 
addition, the grid of the time deflection valve 4 becomes positive 
simultaneously with the grid of valve 1, so that the time- 
deflection valve discharges the time condenser and the time 
sweep takes place. Naturally the extinction ])lates can also be 
discharged through an electron tube, in which case the grid 
of this tube should be connected in parallel with the grid of 
valve 4. If a positive voltage appears, valve 3 comes into 
operation. Its anode current increases and discharges C 2 '; 
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consequently, a negative impulse is given to grid 2, and so on, 
as described above. If the relay is discharged, the grid of valve 2 
again becomes positively charged through Rg^ and the relay 
is reset. The time constant CJRy^ gives the resetting period. 
The discharge time, i.e. the time during which the point C 
undergoes a complete change in y)otential, depends on the capaci¬ 
tance (7i' and the resistance As the lower limit of this 
capacitance is about 100 it is essential that the resistance 

i ?2 should be made as small as possible for the most rapid 
tracings. Quantitatively the conditions are somewhat as 
follows. Assume that valve 2 is formed by two efficient valves 
each having an anode dissipation of 25 watts and connected 
in parallel. These valves with positive grid bias and anode 
voltage of about 120 volts each have an anode current of 
200 inA., so that the current in R^ amounts to 0-4 ampere. 
About 200 volts is necessary to extinguish the ray, whence from 
considerations of the voltage drop, the value of i ?2 about 
500 ohms. It is convenient to use a tungsten filament lamp 
in this case with a consumption of 75 watts. The time constants 
can now be calculated thus 

T = i ?2 . C' 500.100 10-12 ^ 5.io-» sec. . (51a) 

As some three time constants must be taken into con¬ 
sideration by the time the relay is comy)letely reset, i.e. by 
the time the voltage equalization is (‘omplete between C and 
A, when the extinction plates set the ray free, the resultant 
minimum time lag of the discharge relay is 1-5 . 10“'^ sec. 
In so far as longer time lags are y)erniissible in the tracing of 
less ray)id yuoccsses, any desired time lag can be secured for 
the relay by suitable substitution of the valves, capacitances 
and resistances in the circuit. The circuit is therefore suit¬ 
able in the same way for use with high and low voltage 
oscillographs. 

(e) Tracing Characteristics by Electrical Time Deflec¬ 
tion. Tracing characteristics is a sy)ecial apy)lication of electrical 
time deflection. Whereas in the tracing of oscillograms, pre¬ 
viously described, the ordinates were dependent merely on 
the process recorded and the abscissae on the time, in tracing 
characteristics the ordinates as well as the abscissae depend 
on the process examined and are variable with time. The 
result is that the oscillogram obtained shows merely the way 
in which one variable which is recorded in the ordinate direction 
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is related to a second variable recorded in the abscissa direction. 
The time co-ordinates disappear from the oscillogram* and the 
effect of time is limited merely to differences in brilliancy of 
the various parts of curve registered. There is very little 
change in brilliancy even when sinusoidal deflecting voltage 
is used. There is only a sHght thickening at the extremities 
of the characteristic under observation. The sensitivity of the 
cathode-ray tube is in practice almost linear, and most modem 
tubes fulfil this condition, so that characteristics with linear 
ordinate and abscissa scales can be produced directly and there 
is no necessity to retrace them again later. 

The inertia of the cathode-ray tube which is low enough to 
be ignored permits of the tracing of the characteristic at the 
rate of 20 times per second, provided that the circuit imder 
investigation does not limit this by introducing a time lag 
of its own. These characteristics, therefore, appear to the eye 
as standing or stationary figures. When several traverses per 
second of the characteristic are made, the dynamic charac¬ 
teristic and not the static one obtained by point to point 
measurements is recorded. The tracing of the dynamic charac¬ 
teristics is of extreme importance. The study of djmamic 
characteristics, the outline of which, especially when over¬ 
loading takes place, can only be appreciated in theory with 
difficulty, is of much greater importance in judging units than 
a knowledge of their static characteristics. Static characteristics 
can also be traced by means of the cathode-ray tube by dis¬ 
pensing with the repetition of traverse and using very slowly 
changing deflection voltages. In the latter case, it is desirable 
to use screens which have a strong after-glow. The cathode-ray 
tube makes possible in the simplest manner, the recording of 
operating characteristics which exist at a certain frequency 
—in this case a sinusoidal voltage should be used for deflection 
—and also the observation of dynamic characteristics in 
which many frequencies are present. This property deserves 
the greatest attention since such characteristics can scarcely 
be determined from theoretical considerations, or at any 
rate only with the exj)enditure of a great deal of time and 
labour. It would be difficult to find a method of making 
measurements equally as good as the cathode-ray tube, par¬ 
ticularly for recording patterns which are often complicated 

♦ Lissajou’s figures can also partly be looked upon as characteristics, in so 
far as they satisfy the characteristic conditions stated. 
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by a large number of different frequencies. Here it must be 
remembered that the tracing of voltage and current charac¬ 
teristics which cannot be directly connected involves the use of 
coupling transformers described j^reviously in detail. When 
tracing characteristics, the voltage or current concerned must 
not be disturbed and the j^ower consumed for tracing must not 
have any effect on the process being measured. The magnitude 
of the power transferred from the circuit under test will de¬ 
termine whether one or more stages of amy)lification will have 


Cj Test sample 



Fig. 257. Arrangement for Tracing Magnetizing Curves 

to be connected between this circuit and the catliode-ray 
tube. The following examjile explains these relations in more 
detail. The circuit of Fig. 257 shows a device for tracing 
magnetizing curves and was developed by Kruger and Plendl.^^^^ 
They use a test syiecimen with a closed iron core in order 
to obtain uniformity in the lines of force through the iron. 
This iron core is excited by an alternating current which 
traces simultaneously an oscillogram co-ordinate by magnetic 
deflection. The inductance of the variometer is chosen so 
as to be high compared with that of the iron core, in order 
to obtain a sinusoidal magnetizing current under any circum¬ 
stances. To deal with high currents which carry the iron 
into the region of saturation, the primary circuit is tuned 
by the capacitance C^ and the variometer to the approxi¬ 
mate frequency of the a.c. generator. The voltage induced by 
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the flux in the secondary winding of the magnetic circuit with 
turns serves to produce the second co-ordinate of the 
oscillogram. It is displaced at first by 90° with respect to the 
ordinate. A phase-shifting circuit composed of the high ohmic 
resistance iJg and the condenser is provided in the secondary 
circuit to correct this phase displacement. R^ should be 
chosen high enough to avoid appreciable reaction between the 
secondary and primary circuits. The condenser should be 
chosen so that its capacitance is negligible compared with the 
ohmic resistance Consequently, the voltage across the 
terminals of the condenser is 


Vc = 



- 3 fdj ^ - i\\ 

C^R^ J di C^R^ • 


(r>2) 


The voltage is therefore proportional to the magnetic flux (f>, 
and consequently the deflection voltage at the cathode-ray tube 
is proportional to the induction B, The condenser integrates 
independently. The instantaneous value of its terminal voltage 
gives a measure of the instantaneous value of the alternating 
flux in the iron core. In designing the secondary circuit 
mentioned above, the condenser voltage has quite a re¬ 
latively small am])litude. The two-stage amplifier shown in 
Fig. 257 ensures that the condenser voltage is amplified without 
distortion to a degree suitable for deflection. Fig. 258 shows a 
hysteresis curve obtained with the arrangement described. 
The axes of co-ordinates \isible in the picture were obtained 
by switching off in quick succession, the ordinate and abscissa 
deflection. Valve characteristics can be obtained in a similar 
way. In this case it is })ossible to trace the characteristics by 
selecting combinations of the co-ordinates of grid voltage 
anode current, anode voltage, grid current, auxiliary grid 
voltage, and so on. To obtain the actual operating charac¬ 
teristic of the circuit under examination, the latter must 
not be loaded or altered in any way to an appreciable 
extent through the addition of the cathode-ray tube circuit. 
If, for instance, the anode or grid current is to be traced 
by means of the voltage drop across a resistance, the latter 
must be small compared with the internal resistance or grid 
resistance of the valve investigated. Except in the case of larger 
transmitting valves the voltage drop must be insufficient to pro¬ 
duce deflection of the ray directly. The addition of an amplifier 
in this case enables large characteristic figures to be traced 

20—(T 36) 
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without distortion. The amplifier must, of course, transmit 
uniformly the imrmonics contained in the curve. Fig. 269 
shows a static valve characteristic traced with slow deflec¬ 
tion frequency and a dynamic characteristic obtained with 
fairly high frequency. The simple examples shown may 
suffice to indicate the fundamentals involved in tracing such 
characteristics. Details of circuit arrangements will be found 
further on in the section dealing with the uses of the cathode ray 
tube as a measuring instrument. The various methods referred 

to in this section are suitable 
for use with voltages whose 
^ maximum amplitude is kept 

I constant. For certain uses, 

however, the amplitude must 
fluctuate periodically, i.e. the 
^ alternating deflection voltage 

is modulated to an extent of 
anything up to 100 per cent 
according to the degree re¬ 
quired. The use of modulated 
(leflection voltages for tracing 
characteristic's was described 

FW. 258. Hysteresis Ci rve author in Connexion 

with the tracing of the char¬ 
acteristics of rectifiers.In consequence of the freedom of 
the cathode-ray tube from inertia during operation, it is 
possible to record visibly several characteristics simultaneously. 
Tracing two characteristics simultaneously is of great value 
when working tests or comf)arisons are being made during the 
manufacturing process. According to Hollmann’s method, 
several characteristicjs can be obtained by connecting to the 
deflection plates alternately the voltages which originate 
in the units under investigation with the assistance of rotary 
commutators. If the speed of revolution is sufficiently high 
and they are not synchronized witli the deflection frequency, 
then by persistence of vision, the portions of the characteristic 
unite so closely that a closed curve is formed. A variation of 
the same idea consists in tracing alternately the various char¬ 
acteristics in their entirety, })rovided, of course, that at least 
16 images per second fall on each characteristic in order to 
obtain figures which appear stationary even with screens 
having no after-glow. 
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In many cases the characteristic to be traced is not identical 
with the path of the cathode ray. In fact, it is more usual 
for the desired characteristic to appear as the limiting *curve 
formed by the peak values of a periodic oscillation, the period 
of wliich is very small compared with the total length of the 
oscillogram. In the limit, the succession of single oscillations 
becomes a luminous sur¬ 
face which increases the 
readable accuracy of the 
characteristic to a maxi¬ 
mum. A typical example 
of the nature of such curves 
is the tra(‘ing of frequency 
characteristics. 

The tracing of resonance 
curves was carried out witli 
the aid of rotary potentio¬ 
meters very early in tlie 
development of the tech¬ 
nique.^®"^ The rotary j)o- 
tentiometer combined vith 
a variable condenser used 
by the authors named is 
shown diagrammatically in Fig. 260. The introduction of this 
unit into the circuit is shown in Fig. 261. For each position of 
the ray (j)otentiometer voltage) there is a corresponding value 
of capacitance of the variable condenser. This condenser is 
included in the oscillatory circuit of the transmitter. The 
frequency scale is more or less extended according to the 
relation between the capacitance of the 
rotary condenser to that of the oscilla¬ 
tory circuit. It is important that the 
transmitter should be so connected and 
designed that no appreciable amplitude 
variation in the high-frequency oscilla¬ 
tions produced occurs within the fre¬ 
quency interval covered. As a result of 
the transmitted oscillation of fluctuating 
frequency being applied to an oscillatory 
circuit or to a complete high-frequency 
amplifier, and the resulting voltage being 
{E, Marx and F.Banneitz) applied to the ordinate pair of plates of 



Rotary Potentiometer 


Fig. 259. Static and Operating 
Characteristics of a Valve 
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the cathode-ray tube, the response curve appears on the screen 
as the limiting boundary of a surface on both sides of the zero 
line. For clarity it is desirable, if possible, to cover the area 
which is below the zero line. 

The same method is used with low-frequency amplifiers in 
making frequency distortion visible. For this purpose, the 
contrivance of Fig. 261 needs only to be altered in so far as 
the rotary condenser is connected in the oscillatory circuit of 



Fig. 261, Deflection Arrangement 
FOR Making Frequency Curves 
Visible 


an audio-frequency beat generator. In order to make the 
frequency curve as clear as possible, especially in the low- 
frequency range, it is advisable to make the number of revo¬ 
lutions of the rotary unit as low as possible even at the expense 
of steadiness of the picture. For instance, it is not possible 
by the method described to make loudspeaker curves or curves 
with decided self-resonance visible except with a considerable 
after-glow on the screen, because the times of formation and 
disappearance of the resonance point are greater than the 
time available for the rapid traverse of the corresponding 
frequency band. 

V. Photographic Aids to Oscillography 

1. General Cionsiderations. Judgment of the outline of an 
event as a function either of time, or of a second event, is 
possible with sufficient accuracy in many cases by visual 
observation of the oscillogram on the fluorescent screen. 
Very often it is desirable, however, to keep a record of the 
traced oscillogram. 
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The making of a permanent record of a traced oscillogram 
is almost always secured by photography. Direct records are 
particularly useful if quantitative evaluation, either by calcula¬ 
tion or by graphical methods of the oscillogram, is necessary. 
This can be carried out much more simply and with greater 
accuracy on a photograph than on the screen itself. Graphic 
evaluation of the oscillogram, which has to be deduced from 
the outline, e.g. Lissajou’s figures, is either impossible ^pr 
possible only with considerable difficulty on the oscillogram 
as it appears on the screen. The quantitative comparison of 
a large number of oscillograms of the same process taken 
under different experimental conditions is also possible only 
with a photographic record. 

Direct registration of the oscillogram becomes necessary 
when the process to be traced occurs only once and cannot 
be repeated. The registration of unpredictable events in 
particular is possible only by means of photography. As the 
oscillogram outline is traced only once by such events, extended 
indirect observation and examination of the oscillogram is 
not possible on account of the short duration of the image, 
except in the case where fluorescent screens vith very long 
after-glow are employed. 

Methods of recording photographically differ in the way in 
which energy conversion takes place and the point at which 
the oscillogram is recorded. As a result, two methods are 
possible— 

Internal photography, which includes electron ray photo¬ 
graphy in a high vacuum. 

External photography, which comprises electron-ray photo¬ 
graphy through a Lenard window, screen contact photography, 
and photography with camera lens. 

In the two processes first mentioned the kinetic energy of 
the high velocity electrons is used to act on the photo¬ 
graphic material directly. In screen contact photography and 
tracing with camera and lens the kinetic energy is converted 
first of all into luminous energy; the light emitted by the 
screen acting on the photographic plate. Whereas with internal 
photography the action on the photographic material occurs 
inside the oscillograph, the sensitive surface in electron-ray 
external photography is blackened by electrons outside the 
oscillograph, the electrons passing through a thin foil window. 
In the contact process, the light-sensitive material is applied 
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directly to the electron window. In screen contact photography 
and in tracing with a camera lens, the action on the photographic 
film occurs outside the oscillograph. In screen contact process 
as in the Lenard process, the photographic film is pressed 
directly on to the luminous screen excited by the cathode rays. 
In tracing with a camera lens the oscillogram outline, which 
appears on the luminous screen, is photographed in the 
u§ual way. 

Qualitative as well as quantitative comparison of the four 
tracing processes is possible in the following way according 
to KnoU.<s9> 

The criteria of the quality of an oscillogram and therefore 
of the efficiency of the whole apparatus are— 

1. The maximum tracing velocity (km. per sec.), the 

velocity at which the tracing spot produces a blackening of 0-1 
on the oscillogram surface. 

2. The number of points on the image 

n, = MZ/dg^ 

M and Z are respectively the length and breadth of the 
luminous track. 

(Ig = tracing spot diameter in cm. 

3. The maximum sensitivity of measurement for electrostatic 

deflection (deflection cm. per volt). 

For magnetic deflection (deflection cm. per ampere 

turn). 

4. The resolving power 

maxlc)n„ = {v, {MZjd,^) . . (53) 


where c = velocity of light. 

Of these values dg and Vg are important in deciding the 
relative value of the method of tracing used and the efficiency 
is determined by them. The velocity of the tracing spot is 

= dgH .(54) 

and t — dgjvg indicates the time during which a surface element 
of the screen is exposed to the rays in the middle of the tracing 
stroke. At the same time, if ig is the tracing current and e the 
electronic charge, the number of electrons falling on unit area 
at the centre is 




nd^fY 


ne . dgVg 


electrons per unit area 


(55) 
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Further, the anode j)otential of the cathode-ray tube in volts 
is indicated by Fj,, and the energy density in energy quanta 
per cm .2 sufficient to cause blackening to the extent of 0*1 
on the silver bromide emulsion corresponding to maximum 
tracing velocity ^ax by N,^ If, now, % will be 

proportional to an energy density N, which in accordance with 
definition is that required to produce blackening to the extent 
of 0 * 1 , which is just percei)tible to the eye. In this case, 
therefore, N = k (electrons per unit area). 

Assuming that the minimum energy quantum to which the 
silver bromide grain reacts is 2 electron volts, we may take 
this as the unit of energy for X, so that k — F 5 / 2 . By substi¬ 
tuting 2N/v Wj, ig in microamperes, and in centimetres, 
with e = 1*59 X 10“^® coulombs, we get from equation (55) 
the maximum tracing velocity. Now', in the case of an external 
recording arrangement, the decrease in energy density caused 
through the intervening media between the focal plane of the 
electrons and the silver bromide emulsion must be denoted 
by the factor From equation (55) w e have then 

^ s max 4.107 (;^) . \\ . (rjJX) km. per sec. (56) 

The way in which the maximum attainable velocity varies 
with the method employed, depends on the value of rjJN, 
which has a different value for each process of tracing, the 
significance of which results from the following considerations. 

The efficiency of a method of tracing depends on the com¬ 
pleteness of the conversion of electronic energy into ])hoto- 
chemical energy. With electron-ray photography, a good 
proportion of the available energy is converted partly into 
electron and wave radiation and is lost in the gelatine. The 
remainder is used partly in ionization of Ag.-Br. molecules of 
which only those on the surface of the silver bromide grains 
are subject to the action of the developer. With screen photo¬ 
graphy, the electronic energy must be converted first into 
luminous energy. In this process the energy conversion amounts 
to 1-10 per cent, according to the intensity. A large portion 
of the electron energy also is lost in the gelatine. Another 
portion brings about the ionization of the Ag.-Br. molecules 

* N may be taken as a constant, since the acti<^n of the electron rays on 
the photographic material, even in the lower intensity range, depend, as 
distinct from photography with light rays, only on the number of energy 
quanta falling on the photographic film and not on the rate at which they 
follow one another. 
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at the surface of the silver bromide grains by photo-electric 
action. When it is remembered that in both methods, all the 
electrons striking a grain which has already received an impact, 
represent an energy loss, the efficiency must naturally be very 
low and vary with the intensity. 

As the photographic plate is not responsive when the mini¬ 
mum energy density necessary for excitation drops below a cer¬ 
tain value, the efficiency must be regarded as the ratio of two 
energy densities rather than the ratio of the energy itself in the 
two cases. The energy density which is necessary to give 
a photographic density 0-1 in the investigation in question, is 
therefore compared with the energy density Ag (assumed 
constant) which theoretically is sufficient to give a photo¬ 
graphic density of 0*1 on a sensitive photographic plate. If, in 
addition, as shown in equation (56), the decrease in energy 
density between the focal plane of the electrons and the silver 
bromide emulsion is taken into consideration, then the efficiency 
of the method of tracing becomes 

rj = {NJN)rj, .(57) 

The number of silver bromide grains which must be 
developed per unit area to produce a photographic image which 
is just visible is about 1/10^ of the total number of grains in 
the emulsion. In determining the constant Ag, one must reckon 
with a total number of grains which is equal to 10*^ per cm.^ 
(average value for sensitive plates). As it is known from 
photo-chemical investigations that in a given case the energy of 
one light quantum is sufficient to make a grain of silver bromide 
capable of development, Ag can be given as 

10®. 10^^ = 10® (light quanta per cm.2) . . (58) 

If it is assumed that a light quantum corresponds to about 
2 electron volts,* Ag can also be expressed in terms of electrical 
energy quanta as 

Ag = 10® (2 electron volts per cm.^) . . (59) 

Therefore rj = lO^rjJN .(60) 

From this, the absolute value of t] can be calculated after 
taking into consideration the constant A for various silver 

♦ An hv of the wavelength 436 m// corresponds to an energy of 2*5 electron 
volts; an hv of wavelength 646 lafi (green Hg. line) to an energy of 2*3 
electron volts. 
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bromide emulsions or luminous substances. In the next section 
the importance of the four methods of tracing mentioned is 
made clear. 

Generally, each photographic material will give an optimum 
small value of N according to the method of tracing employed, 
since the electron sensitivities differ from the luminous sensi¬ 
tivity. In a comparison of methods of tracing, therefore, one 
and the same silver bromide emulsion must not be used for 
each method; on the contrary, the most favourable silver 
bromide emulsion must be used as a basis for comparison. In 
particular, special methods of activation must be considered 
for increasing the electron or luminous sensitivity of the photo¬ 
graphic emulsion. Generally, however, comparisons of efficiency 
will be made with commercial emulsions, as these, for practical 
reasons, are almost exclusively used for cathode-ray tubes. As 
the efficiency investigations so far carried out relate only 
to oscillographs with high exciting voltages (70 kV.) for tracing 
of the fastest processes, the comparative efficiency values 
obtained by these investigations are only valid primarily in 
this voltage range. By suitable conversion they are valid for 
low anode voltages such as occur particularly with low voltage 
cathode-ray tubes. This is particularly the case with the 
magnitude iV, the variation of which with anode voltage in the 
various methods of tracing will be discussed later on. 

With electron ray photography in high vacua, the energy of 
the electrons available becomes directly effective photo- 
cheinically on the silver bromide emulsion. Therefore = 1. 
For ^1=1 and = 70 kV., the values of rnax • K d, 
were taken from experimental oscillograms and the efficiency 
values given in Table II were obtained therefrom. 

TABLE II 

Photographic Sensitivity and Efficiency with EiiECTBON Ray 
Photography in a High Vacuum (Internal Photography) 

(I energy quantum = 2 electron-volts) 


Emulsion 

N . 10-» 
Energy Quanta 
per cm.* 

!,( = . lO*) 

(Efficiency) 

Agfa 

Agfa 

positive stock .... 
X-ray stock .... 

42 

12 

2-4 

7-9 
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For the calculation of the efficiency of electron ray photo¬ 
graphy through a Lenard window (external photography), 
an arrangement, consisting of steel bars with a mesh drawn 
over them and carrying the air-tight foil, w as used. In this case 

Vi = ^n-V^ .( 61 ) 

where signifies the electronic energy passed by the mesh 
and TI 2 that transmitted by the foil. For a filter mesh with 
42 per cent free surface — 0*42. With an electron velocity 
of 70 kV. the coefficient of absorption for cellophane is a = 390. 
Therefore, for cellophane foil 15^ thick 

rj,2 = > = 0*56 . . . (62) 

For 70 kV. therefore, 

rj^ = 0-42.0*56 = 0*235 . . . (63) 

For higher exciting voltages, ryg and therefore r/^ increases 
rapidly. As the electron velocity lost in the foil is small enough 
to be ignored, the same values for N are valid for the calcula¬ 
tion as in the case of high-vacuum photography (Table III) 

TABLE III 

Efficiency of Electbon Ray Photookaphy (External 
Photographi ) 


Emulsion (Energy Quanta ^ ' 

per Cm *) (Efficiency) 


Agfa X-ray film. ... 12 19 

Silver bromide paper (“Oszillox”) 12 I 9 


In screen photography (external photography) the image is 
obtained by pressing the light sensitive film on to the outside 
of the screen, the thickness of the screen carrier being assumed 
small. Hence, the relation 


Intensity of illumination of image surface 
on silver bromide emulsion 
Intensity of illumination at the focal plane 
of the electrons 


(64) 


The light energy incident on the electron screen surface, 
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which is passed on to the silver bromide emulsion, must pene¬ 
trate parts of the luminous surface (of thickness dg)? ^he 
screen carrier (thickness < 0*5 mm.). Assuming a window 
thickness = 5‘10~® to 5*10“2, values which are valid only for 
high-tension cathode-ray oscillographs with supported screen 
contact window, and a luminous screen thickness of dg = 0*0015 
cm., we have, allowing for light absorption and diffused reflection 
(4 per cent at each surface of the window) 

rj^ = e-M. . . 0-962 q.q ^ (65) 

Therefore the efficiency values for screen contact photography 
at 70 kV. anode are those shown in Table IV. 

TABLE IV 

Photographic Sensitivity and Efficiency with Screen 
Contact Photography (External Photography) 

(1 energy quantum — 2 electron volts) 

N .10 ^ 

Emulsion (Energy Quanta = 10^ . 

per cm.2) 


Agfa isochromatic film . . 190 0*31 

Silver bromide paper (“ Oszillox ”) 83 0*72 

The efficiency can be also expressed for the last method of 
tracing referred to, i.e. in the case of tracing with camera lens, 
in the following way. It is assumed that the outside of the 
luminous screen will be photographed. In such case, the light 
energy available on the screen which })asses on to the silver 
bromide emulsion must penetrate parts of the luminous 
surface, window and lens. Therefore 

Intensity of illumination of image 
on silver bromide emulsion 
Intensity of illumination on the ‘ • V ^ 

focal plane of the electrons 

If the focal point of the electrons is regarded as a self- 
luminous circular disc for which the Lambert cosine law holds 
good, the total light flux emitted is and if I indicates the 
intensity of the source of light, 

(f) =z nl 


Vi 


E 


Hi) 

n) 


10 * 


. ( 67 ) 
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If B is the illuminating power of the electron spot on the 
screen, coi the solid angle in which the radiation of this spot 
takes place, Og the solid angle embraced by the objective, and 
P =: dr/ds (dp the image diameter), the image scale 


E'^B,co^(lie^) .( 68 ) 

and E — B, (Oi , (69) 

as long as cog < then 

(Oi—n . . . . (70) 

can be substituted in equation (66) and 

E'jE — 


The factors represent losses in the window and the 

lens. corresponding to the factor rji (see screen contact 
photography), can be considered in practice to be 0*6, whilst 
^ 2 » according to the type of objective used, may vary between 
0*9 (for simple objectives) and 0-4 (for combinations). If 
u indicates the angle of divergence between the extreme ray 
of the solid angle and the axis of the lens, i.e. sin = ^4, the 
aperture on the object side, A' indicates the lens aperture on 
the image side where jS = A'JA, then 

, E' K^K^sin^u , A^ 

^ ~ E ~ f}^ 

= O-GA'a .A'^ .(72) 

Accordingly, rji is dependent essentially only on the square 
of the aperture A' of the objective which is on the image side; 
its absolute magnitude, for example, for two selected lenses at 
different image scales, becomes— 

Zeiss Tessar. 

f = 100 mm. 

Light intensity 

1/3-5 = 2hff 

Radius of effective aperture 

h = 100/(2 X 3-5) = 14-3 mm. 

A, = 0-6 
A'* = 14-376* 
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(o) Image scale /3 = 1:1, distance between lens and film 
6 = 2 /= 200 

0-6.0-6.14-32 
~ 2002 — 0-00184 

(6) Image scale /3 = 1:6 (reduction), 6 = 6/6 
/ = 120 mm. 

0 - 6 . 0 - 6 . 14-32 

=-1202-= 

Special Objective^ Astro R,K, Lens, 

/ = 75 mm. 

Light intensity 

= i/1-25 

Radius of effective aperture 
h = 75/(2 X 1-25) 

= 0-85 

= 302/62 

(а) Image scale= 1.1, distance between lens and film 
6 = 2/= 150 mm. 

0-6.0-85.302 
~ 1602 ■“ 

(б) Image scale /? = 1:5 (reduction), 6 = 6/5 

/ = 90 mm. 

0-6.0-85.302 _ 


By using the value given for N in screen contact photography 
the values given in Table V for the efficiency of photography 
with camera and lens are obtained for the last lens. 

TABLE v 

EmciENCY or Luminous Screen Photography with Lens 
(External Photography) 


Emulsion 


N.10-* 

(Energy Q,^ta Objective 

per on>.*) V , 



Apek isochromatio film 

Silver bromide paper (Oszillox) . 


190 

83 


0010 

0024 


0-020 

0-068 
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Except for jV, therefore, is to a great extent dependent on 
the aperture of the optical system which is nearest the image, 
and by means of which reduction or enlargement at the same 
time takes place. In photography at the front side of the 
luminous screen, the efficiency in general becomes somewhat 
greater since absorption losses in the luminous substance are 
less. The advantage thus obtained is, how'ever, partly offset 
by the fact that recording in this case takes place over a 
smaller angle than 90° to the tracing surface. 


TABLE VT 

Comparison of Various Methods of Tracing with Cathode-hay 
Oscillograph 


(At V = 70 kV.) 


Method of Recording 

Emulsion 

1 

! 

Efficiency 
= 10‘ ^10« 

j Maximum 

J Tracing Velocity 

j max = 400-^ . 7 ] 

for ig — l//a. 

; E = 70 kv. 

' r/, = 0-1 cm. 

1 km. per Sec. 

Electron ray photo¬ 
graphy in high vac- 

Agfa positive film 

2-4 

670 

uum . 

(Internal photo¬ 
graphy) 

Electron ray photo¬ 
graphy through 

Lenard window 

(External photo- 
graphy) 

Luminous screen 
photography 

(External photo¬ 
graphy) 

Agfa X-ray film 

7-9 

2 200 

Silver bromide 
paper (Oszillox) 

1-9 

630 

Silver bromide 
paper (Oszillox) 

0-72 

200 

Luminous screen 
photography with 
lens 

(External photo- 
graphy) 

Silver bromide 
paper (Oszillox) 

007 

21 


For the purpose of a quantitative comparison, the efficiencies 
of the four methods of tracing, already described, are set out 
in Table VI at an anode voltage of 70 kV. with a tracing current 
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ig of 1 fiA, and an electron spot of diameter d, = 0*1 cm. 
calculated at maximum tracing velocities. For if 

ri^lN = lO-Kr] .(73) 

is substituted in equation (56), then 

maa; = 400 . {ijd,) ,V^,Yj km. per sec. . (74) 

According to Table VI, internal photography gives the 
greatest eflSciency, whilst the other methods of tracing come in 
the following order; electron window, luminous screen contact 
photography, and photography with camera lens. It is inter¬ 
esting to observe that the method of recording with camera 
lens is not as far behind the other methods of tracing as might 
be expected from the fact that a lens can only cope with a 
small percentage of the total luminous stream. A more precise 
determination of the efficiency of methods of recording has been 
carried out by von Borries.^®®^ The way in which the efficiency 
depends on the anode voltage \\ is of importance in the selection 
of a suitable method of tracing an oscillogram. Assuming 
that the electron density in the fluorescent spot is constant, 
it is to be expected that in the case of electron ray photography, 
the efficiency will vary with the depth of penetration of the 
electrons into the silver bromide emulsion, i.e. in accordance 
with Fft over a range which is limited in the one direction by 
the thickness of the emulsion, and in the other (at very low 
values of A) by the diameter of a grain of silver bromide. With 
equal energy density, therefore, and within the same limits, 
the efficiency is probably directly proportional to the exciting 
voltage Fft. In contrast to this, it is to be expected that the 
efficiency of luminous screen photography for voltages between 
0‘4 and 80 kV. will show a much lower variation with voltage 
than in the case of electron ray photography. The depth of 
penetration of the electrons in the luminous surface appears, 
in this case, to be less effective than in electron photography, 
probably because the luminous centres (metallic atoms) are 
smaller and more closely packed together than the silver 
bromide grains in the emulsion. Accordingly, in the case of 
luminous screen photography, as distinct from electron ray 
photography, there will be, with decreasing exciting voltage 
(< 80 kV.) for the same load at the electron focus, a constant 
or perhaps increasing proportion of the electron radiation 
converted into light rays and capable of penetrating the silver 
bromide emulsion. For this reason, the efficiency of luminous 
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screen photography will increase relative to electron ray 
photography as the exciting voltage decreases. 

The fact that luminous screen photography is more efficient 
than electron ray photography at exciting voltages of less 
than 6 or 10 kV. has already been proved qualitatively by 
Sommerfeld.<®^> 

Consideration of the relative efficiencies of the various 
methods of tracing at different anode voltages indicate the most 
suitable ones for use with low voltage cathode-ray tubes. The 
construction and mode of operation in this instance determine 
the method of tracing to be adopted. Internal recording, as 
in the case of high-vacuum tubes, need not be considered at 
all since the low-voltage cathode-ray tube is a closed glass unit 
sealed off at the pump and the use of internal mechanism is 
not possible. Neither can the use of electron ray photography 
be considered since the electron window in its present state 
of development is not sufficiently robust to guarantee operation 
over long periods without trouble. The replacement of a 
damaged Lenard window means the remaking of the whole tube. 
Screen contact photography and photography with camera lens 
alone remain for dealing with low-voltage cathode-ray tubes. 
For anode voltages between 500 and 4 000, however, both the 
last-named methods of tracing as described above are much 
better than electron ray photography, so that constructional 
features and operating conditions for the proc;ess of tracing 
agree on this point. Though the two methods first mentioned 
are unsuitable for low-tension oscillographs, a comprehensive 
treatment seems desirable as conditions change in the course 
of time, and oscillographs with higher anode voltages may come 
into use for purposes involving the use of small currents. Screen 
contact photography is at a considerable disadvantage, since 
the glass bowl of the tube which forms the fluorescent screen 
cannot, for constructional reasons, be made as thin as the 
supported screen contact window of the high-tension oscillo¬ 
graph. For the same reasons the bowl of the bulb must be 
curved. The efficiency of screen contact photography falls, 
therefore, to about one-fifth or one-sixth of that attainable 
with high-tension oscillographs. 

The superiority of screen contact photography over photo¬ 
graphy with camera lens is not so great, therefore, in the case 
of low-voltage cathode-ray tubes as for high-tension oscillo¬ 
graphs (about 2: 1). 
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Whether screen contact photography or photography with 
camera lens sliould be used for low-current cathode-ray tubes 
depends on the nature of the oscillogram to be traced, the 
sharpness required, and consequently on the means available 
for obtaining efficient optical systems. 

In practice there aie three types of oscillography * the 
recording of stationary figures in periodic processes, tracing 
single determinate or indeterminate processes with electrical 
time defiection both kinds of tracing resulting in a surface- 
hke oscillogram on the luminous screen—and the third type of 



Kk. J62 E\rrHNAi Photo(.R4PH\ with Ordinar\ App\.ratx:s 

tracing, le osc illogi-aphy \\ith mechanical time deflection in 
which tlie ( atliode ray is merel\ influenced by the process to be 
traced and a dellection pro])ortional to the w^ork amplitude 
ap]>ears on the screen. 

in tracing stationary figures, the efficiency is of little impor¬ 
tance since the oscillograms are obtained by repeated re-tracing 
on the luminous screen. The efficiency need only be considered 
and pushed to its maximum value w hen short exposures become 
ne(*essary as a result of poor synchronization of the process 
to be tra(‘ed. In practice, photography with a camera lens is 
almost always employed for tracing stationary figm'es. although 
the use of luminous screen contact photography is itself possible 
in ])rin(*iple. Fig. 262 shows a standard camera for this purpose. 

Tracing of non-recurrent phenomena is possible in principle 
w ith either camera lens or by screen contact photography. With 
(1 
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low-voltage cathode-ray tubes, photography with camera lens 
is the most useful for tracing processes with mechanical time 
deflection which require only one pair of plates in the oscillo¬ 
graph. In this case, either the entire camera can be moved 
relative to the luminous screen with time velocity as constant 
as possible, so displacing the image of the fluorescent spot to 
various points of the photographic sensitive material corre¬ 
sponding to the time co-ordinate of the process, or with a fixed 
camera, the light sensitive material is moved over the image 
plane in the camera, and in the same way an oscillogram of 
the process appears as a function of the time. Table VII (p. 309) 
gives a nomogram showing the maximum tracing velocity on 
the screen relative to the anode voltage and ray current for two 
sizes of spot diameter. From this the maximum tracing 
velocity under any practical conditions may be read off directly. 

In the previous si^ction the methods of tracing possible in 
principle with cathbde-ray tubes have been mentioned, and 
their suitability for certain oscillographic processes has been 
discussed quantitatively and qualitatively. In the following 
section we shall discuss those points which require particular 
consideration in low current tubes in order to secure on the 
one hand the best results from photographic recording, i.e, the 
tracing of the high electron ray velocities, and on the other 
hand to carry out the recording of medium ray velocities as 
expeditiously as possible. 

2. Adjustment for High Ray Output. As has already been 
seen from efficiency considerations, the oscillograph tube must 
first be adjusted so that the greatest possible brilliancy of the 
spot is produced. As already stated, the brightness depends 
on the velocity and the number of electrons striking the 
luminous screen; in other words, on the anode voltage and 
ray current at the screen end of the tube. In addition, the 
efficiency depends on the energy intensity in the fluorescent 
spot, i.e. on the diameter of the spot for a given ray current. 
The magnitude of the electron current can be varied by negative 
bias at the brightness control electrode. As the diameter of the 
fluorescent spot changes over the voltage range under discussion 
with a specified bias upwards, the magnitude of the anode 
current necessary for operation is practically determined by 
the value of the current which flows at optimum concentration 
of the spot. In practical low-voltage cathode-ray tubes this 
value of current, i.e. about 0-05 mA., is almost independent of 



TABLE VII 

Tracing Velocity Nomogram 


Relation between the Screen Tracing velocity anode potential F. 

and the ray current for spot diameters J) - 0*5 and 1 mm. 


\/a 


^smax 


D-I/nm 


la 

O'Smm 


8.00 0 

7,0 0 0 

6.000 

5.00 0 

4,00 0 

3,0 0 0 

2,0 0 0 

1,50 0 

1,00 0 
900 
800 
700 

600 

soo 



iX)ooxio Amp 

900 

800 

700 

600 

500 

400 

300 

250 

200 

150 


100 

90 

80 

70 

60 

SO 

40 

30 

25 

20 

15 


10 

9 

8 

7 

e 

5 


Aperture uf the lens . . . . . . r// = 1 2 

Al)H()rptiuu eoellieient . . . . . . u ~ 0*7 

Photograph. Her<*eii eflicieney (with - o OOh volts 

and using calcium t)r cadmium timgstate) . . 3HK/watt 

Photograpli. sensitiv'ity (e.g. Agfa-Isopan-Su}>er- 

Spocial Miniature film) . . . . . ^ Din® ~ 2 

Reduction ratio . . . . . . . r ~ 1:4 

Blackening oV>tained . . . . . .v — 0*1 


/» /> 




1 _ 

2(ri i)» 


» max 
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the anode voltage. With the other determining factor—^the 
anode voltage—on the other hand, a larger variation is possible, 
^or example, suppose suitable preliminary amplifiers are avail¬ 
able so that the drop in sensitivity at high voltages may be 
left out of consideration, the highest possible anode voltages 
naturally will be used. In gas-filled tubes, however, the anode 
voltage must not be increased too much. A limit is set, 
especially in the older types, by the voltage at which a glow 
discharge occurs inside the tube. If the tube is worked near the 


Fig. 263. OsciiiLOGRAM of an Oscillation or 4 000 CycLros 
(Kay output about 0 25 watts) 


highest permissible voltage, then the current limiting resistance 
discussed in the section on mains equipment must be provided. 
The maximum voltage with older types of gas-filled cathode-ray 
tubes is about 4 500 volts, but the striking voltage may vary a 
little. It is preferable, therefore, not to work at voltages 
much in excess of 3 000. Here it may be pointed out that a 
discharge always occurs between Wehnelt cylinder and anode 
as long as the Wehnelt cylinder is at a negative potential with 
respect to the cathode, and is therefore the most negative point 
of the electrode system. This is important in so far as the 
oxide deposits are damaged by such discharges between 
cathode and anode. A further disadvantage of using voltages 
over 4 000 is that with the normal gas-filling the effect of gas- 
focusing becomes less and the ray becomes diffused (see above). 
The conditions which exist in modern arrangements with lower 
gas pressure are somewhat more satisfactory, inasmuch as 
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there is less tendency for a glow discharge to pass and less 
reduction in sharpness of the spot. Using an anode voltage 
of 3 000, the maximum tracing velocity which is attainable 
for photography with a camera lens using a suitable optical 
system (see below) is about 1 km. per sec. An oscillogram of 
an oscillation of frequency 4 000 traced at this speed is shown 
in Fig. 263, which was taken with an effective ray output of 
0-25 watts. Indeed, by using modern tubes with high vacuum, 
or under favourable conditions with gas-filled tubes, tracing 
speeds of over 10 km. per sec. can be attained. An approxi¬ 
mate idea of the influence of the anode voltage on the maximum 
tracing velocity is shown by the fact that, within the range 
under investigation, a reduction of anode voltage by one-half 
necessitates an optical system of almost twice the diameter 
for the same velocity of tracing. The efficiency of the oscillo¬ 
graph is influenced by the type of fluorescent screen as well 
as by the electrical (‘onstants. Further details of fluorescent 
screens are to he found in Clia])ter I, pages 126 to 144. There 
it Mas shown what an extraordinary clifterence exists between 
various screens both in respect of efficiency as w ell as spectral 
response. The selection of the most satisfactory photographic 
material is closely related to the spectral response of the screen. 

3. The Light-sensitive Material. The previous sections have 
already indicated the im])ortance of the choice of suitable 
photographic material in securing good performance from the 
oscillograph. In selecting the light sensitive material it should 
be ascertained first from the spectral curve whether the 
screen gives off mainly blue radiation (fluorescent materials 
12 and 13 in table given in Chapter I, page 128), or if the peak 
intensity lies in the green or yellow^ portion (screens Nos. 2, 11, 
and 15). With the first spectral distribution it is unnecessary 
to employ panchromatic material for the photographic record, 
for in practice sensitivity only to the blue and ultra-violet is 
of importance. But experience with various kinds of plates 
and films has shown that panchromatic material, even in the 
blue range generally, has excellent sensitivity. Fig. 264 shows 
the difference in registration from the same treatment wdth 
different materials. In Fig. 264 {a) an almost imperceptible 
image is given. The photograph was taken with the HaufF 
ultra-rapid plate (21° Scheiner), The ortho-Elur plate (22° 
Scheiner) shows considerably greater photo-chemical effect 
(Fig. 264 (h))y while the oscillogram really becomes clearly 
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visible with the Lumiere Opta plate (24° Scheiner), which has 
an extraordinarily steep gradation curve in the initial range. 
It will be observed that the somewhat arbitrary Scheiner scale 
provides a good basis for the conditions under review. Excellent 
results were obtained by the more sensitive types of Agfa 
Isochrom plates. The three photographs of Fig. 2G4 were taken 
at the same very low biightness of the fluorescent spot in 
order to distinguish difFerenecs in the range of low intensity 

illumination. These are import¬ 
ant in practice, since with higher 
luminous intensity the action 
on tlie photographic material 
is always adequate. 

In the case of the new screens 
with extremely high luminous 
efficiency to long wave radia- 
tion, it is even more important 
than in the case of screens with 
a predominant blue radiation 
to select the most suitable kinds 


Fig. : 264 . Differknces in 
Tracing for V^arious Films 


of plates. An example of the 
way in which the choice of 
plate affects the oscillogram is 
shown in Fig. 265. The upper 
oscillogram was taken with a 
normal highly sensitive, but not 
otherwise specially treated, 


commercial emulsion in w]u(;h sensitivity to blue w^as known 


to be prominent. Tlie low^er oscillogram was obtained with a 


very good, highly sensitive panchromatic emulsion. In addi¬ 


tion, corresponding halves of each oscillogram were traced 
with different screen materials, the upper half with screen No. 2 


and the lower with an ordinary calcium tungstate screen. It 
can be seen that the highest tracing speed is attained with 
the modern screen No. 2 and panchromatic i)late, but that 
with a plate sensitive only to blue the tracing speed is much 
lower than with a calcium tungstate screen. Once the com¬ 
mercial grade of plate which is particularly suitable for 
the fluorescent screen in question has been found, further 


presensitizing is quite unnecessary. 

4. Screen Contact Photography. Screen contact photography 
as already stated is equally suitable for tracing stationary 
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figures and single non-recurrent phenomena. As, however, 
the intervening glass wall of the bulb causes the sweep of the 
oscillogram to spread out, screen contact photography will in 
general be limited to the tracing of single processes of high 
velocity which require high efficiency, since stationary figures 


Fio. 26r). The Kffect of the Coloi r of the Screen and 
Material on the Speed of Tracing 


can be photographed better with the camera lens. Screen con¬ 
tact photography has the economic advantage of not requiring 
any special photographic equipment. The photographic mate¬ 
rial in the simplest case is merely pressed by hand against the 
bowl of the bulb. One disadvantage of the meth^ is that 
it is essential to darken the whole chamber in which the 
oscillograph is placed. This difficulty can be overcome by using 
special enclosures. In order to ensure that the photographic 
material may be firm against the bowl of the bulb, such boxes 
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need some complicated contrivance for pressing the material 
against the bulb, and the advantage of such an arrangement 
does not appear to warrant the cost involved. 

The round bowl of the oscillograph tube also restricts the 
photographic material which can be used. In order that the 



Fig. 266 (’oxta(T Photch.raph^ of a Srv'Lio\\i{\ Fk.i iif. o\ 
Normal Gaslight Papgk 
(Ra\ output 0 0) Matt, o\|m>‘sUI(‘ 4 sec ) 


oscillogram shall be as sharp as jiossible, flexible material such 
as films or bromide paper must be used, and only small ])arts 
of the screen employed. (Taslight })apers of lo\\ sensitivity 
are good enough for tracing stationary figures, whereas highly 
sensitive bromide paper is necessary for tracing single high-speed 



Fig 267. Screen Contait O.scilloc.kam with 1 mm. Thickness of 
Glass Walls and a Mean Tracing Speed of 2r> m >hk(\ 

(Ra> output 0 !■» Matt, Os7illo\ P.ipor) 

phenomena. It should be noted that ordinary commercial 
papers are nearly always sensitive only in the blue region of 
the spectrum. Fig. 266 shows a contact oscillogram of a 
stationary figure at an effective ray outj)ut of 0-05 watts and 
an exposure time of 4 sec., taken on normal sensitivity gaslight 
paper. The oscillogram of Fig. 267 was recorded on Oszillox 
paper from a single trace. 

5. Photography with Camera and Lens. The tracing of all 
periodically recurrent processes, i.e. stationary figures, as also 
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the tracing of single low frequency or even medium frequency 
processes, is possible with a camera lens. The procedure in 
this method is relatively simple, and in many cases can be 
carried out vith apparatus already available for other purposes. 
Here, the kinetic energy of the electrons, which is converted 
into luminous energy on the fluorescent screen, is used for 
tracing, a simple optical system being interposed. The factors 
relating to freedom from distortion and adequate exposure of 



F lo 208 Akhanc.kmevt for Photoc.r^piiinc, Oscillograms ox thf 
Insidk Si ki-acl of ini Scrkkn mitji o\ a Simple 

Sw i\ I 1. Si ppoR r 


the photogra])hie material come within the realm of the optics 
ot photography The recording camera must, in construction 
as well as its optical system, be adaptable to the process to be 
traced. Before details of the complete photographic tracing 
apparatus are considered, let us discuss first which side of the 
screen —inside or outside (see Fig. 26S) —it is best to photo- 
graf)h. The answer to the question, which of the tw^o methods 
of photographing is the more advantageous, depends on the 
construction of the fluorescent screen. Generally, the screen 
is applied so thinly that the same approximate brightness 
exists on either side, in which case the screen is transparent. 
With the evenly distributed screens of modern tubes, photo- 
gra})hy from the outside is more practicable and is generally 
employed. The total brightness w’hich is distributed over both 
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sides is somewhat less than the brightness on denser fluorescent 
screens, because with these the whole of the electron stream is 


used in exciting fluorescence and no portion of it impinges 
on inactive surfaces (see section on fluorescent screens). With 
denser screens the greater part of the luminosity produced is 
directed inwards, in which case the position of the photographic 
equipment shown in Fig. 268 is advantageous. 

Cathode-ray tubes ai'e sometimes provided with denser 





Fig. 269. 81 it able asd Fnsutablk 
Positions oi* the Si pport 


fluorescent screens on 
account of their greater 
luminous efficiency. Tlie 
density, liowever, is then 
chosen so that in the ease 
of stationary figures where 
the exposuie time is not 
important, photography 
from the outside is pos¬ 
sible. Tliis is important 
with two-dimensional sta¬ 
tionary figures as the geo¬ 


metrical distortion is least 


with external photograj)hy. At first it would appear that, in 
oscillography vith the arrangement shown in Fig. 268, con¬ 
siderable distortion would occur, first from oblique tracing, 
and secondly from refraction by the glass. In practice this 
is not so, as long as extremely large amplitudes do not occur. 
As the ray path is very nearly at the same distan(*e from 
the camera along the whole of its length, oblique photography 
is not objectionable in spite of the fact that the aperture is large 
enough to allow^ the spot to get out of focUs. Nevertheless, the 
camera or film container should be brought uj) to the tube as 
close as possible unless the need for moving the a})paratus 
is an objection. Fig. 269 shows two j)ositions for the camera. 
Usually operations will take place from position 1. However, 
in order to show that even in the more unfavourable 


position 2, particularly in respect of distortion resulting from 
refraction by the glass, quite satisfactory results can be 
obtained, an oscillogram which was taken in such a position 
is shown in Fig. 270. By comparison, this record shows very 
good agreement with one obtained by a rotary mirror outside 
the fluorescent screen. These results show that it is desirable 


to make photographic records of high frequencies from the 
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inside surface. In all other cases, photography from the outside 
of the screen is advisable. 

It should be noted that photography from the inside of the 
fluorescent screen is only possible when the camera or light 
sensitive material is movable, but not when electrical time 
deflection (see below) is used, as in this case a surface has to be 
photographed and on account of the short depth of focus of the 
wide aperture lens, an out-of-focus image results. This limitation 
does not, of course, occur with tubes having inclined screens. 

(a) Apparatus for Forming the Image. The optical system 
of the camera employed must in practice be selected to be of 



Fi(.. 270, Oscillogram op a Sivk Wavk Voltagk Photographed 

THROrOH THK SiDE OP' THE Tl BE 

sufficient power, so that with a given brilliancy of the fluorescent 
spot and sensitivity of the photographic material, sufficient 
exposure will be obtained at the ray velocity of the process to 
be investigated, i.e. the lower curved portions of the gradation 
curve will be avoided. 

Larger aperture lenses should be chosen for higher ray 
velocities. If a highly sensitive material is available, lenses of 
about //3*5 which are quite usual in modern photographic 
equipment, are sufficient for tracing oscillations of about 2 000 
eye. with a length of stroke of 5 cm. on the screen, and with the 
ray currents and anode voltages of modern tubes. If it is desired 
to register higher frequencies or to work with greater precision, 
larger aperture lenses are advisable. Such lenses for plate as 
well as film cameras are obtainable from any photographic 
dealers. With any particular lens, the sharpness of the tracing 
must always be such that the energy density in the spot on 
the photographic material does not change appreciably. Less 
than the maximum sharpness in the tracing can only be 
tolerated when the problem in hand can be satisfactorily 
treated by a less sharply defined oscillogram. In many problems 
the use of special optical systems to secure extremely sharp 
oscillograms is an unnecessary expense. 
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As the fluorescent screens generally show a particularly high 
luminosity to a certain portion of the spectrum, it is possible 
to dispense with chromatic correction of the objective when 
the spectral sensitivity of the light sensitive material is the same 
as the colour of the fluorescent screen. It is sufficient in such 
a case for the lens to be corrected only for sj)herical aberra¬ 
tion. In this way it is possible to secure lenses v Inch are cheap 
and yet have high power and long focal length. A special 
objective for cathode-ray tubes developed along these lines by 
the Astro Co. of Bcrhn-Neukolln is shown in Fig. 271. The 
objective on the left is fitted with an adjustable diaphragm. 
This lens, with extremely low" glass absorption, has a geo¬ 
metrical <aperture ratio 
of 1 : 1 with a focal 
length of 5*0 cm. The 
same lens system is 
constructed with a 
focal length of 12 cm. 
for the ])rojection of 
screen images on fairly 
large surfa(*es. 

l^earing in mind the 
nature of the disper¬ 
sion curve of ordinary 
oj)tical glass, the use 
of objectives chroma¬ 
tically uncorrected is 
to be recommended 
only in conjunction with screens having small blue radiation 
(e.g. No. 2). 

To make full use of the much greater sharpness of tracing 
possible with modern tubes, first-class objectives, chroma¬ 
tically corrected, are usually essential. The oscillogram of 
Fig. 272 shows the sharpness of tracing of modern tubes 
and that required of the photographic lens. With the more 
efficient apparatus discussed further on, adequately corrected 
optical systems with powers of 1 : 1-4 are used. Special 
mention must be made of the fact that the maximum tracing 
velocity which can be recorded is greater with a lens having 
a sharp focus and lower power than with one having an ill- 
defined focus and higher power, since for photographic recording 
the intensity of illumination at the spot, and not the total 
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Fig. 271. Special Opticat S^stim oi 
Astro (’o. ior Cathoi>e-ra^ 
Oscillographs 
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amount of light, is the important factor. If it is optional whether 
cemented or imcemented lenses of equal efficiency are to be 
used, the former are preferable, since the loss of light by 
reflection at the glass/air surface is considerable. As is well 
known, the light lost at each boundary surface amounts to 
about 5 per cent and therefore is sufficient, particularly with 
uncemented double anastigmatic lenses, to make the effective 
aperture much less than the geometrical aperture. 

(b) Photographic Arrangement. The choice of the 




Fkj. 272. OSC’ILLOGUAM OF A TELEVISION KaSTER SHOWING THE EXTREME 
Sharpness tv Tracing w ith a Modern High-Voltage Tube 

j)hotogra])hic equipment dej)ends on the type of oscillograms 
to be photographed, according to whether these are of short 
or long duration. 

(i) Photography of Oscillograms of Short Duration with Plates 
and Rotating Drum Camera. If merely a short time section from 
some periodic or non-periodic oscillation is to be recorded, then 
plate equipment, perhaps with a small-sized picture, is sufficient. 
If a special camera is not available, the existing camera must 
be arranged at a suitable height so that it can be rotated. 
Such a camera stand is shown in Figs. 262 and 268. The lever 
shown facilitates rotation of the camera and so secures the 
desired time interval. If the stand is accurately constructed 
it is easy to bring the zero line also into the oscillogram by 
operating the tube with alternating voltage, giving it one 
rotation, and without alternating voltage after a second rota¬ 
tion. The possibility of doing this is very useful for the 
investigation of rectifiers. In order to economize in plates 
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it is desirable to photograph several oscillograms successively 
on one plate. To do this, it is only necessary to alter the height 
of the lens by means of the adjustment provided in most 
cameras for this purpose. By examining the ground glass 
screen and estimating the maximum amplitude which occurs, 
it is easy to prevent the curves overlapping. 

Instead of producing the time dellection by moving the 
entire camera relative to the fluorescent spot, the photographic 
material may be moved relative to the fluorescent spot and 
lens system even when the latter is fixed. Fig. 273 shows such 



Fig. 273. Photographic Arrangement with Instantaneous Shutter 

AND REC0RDIN(J Dili M 


a photographic arrangement by Zeiss-lkon, the cathode-ray 
tube, the instantaneous sliutter opening, and a rotating drum 
being built up into one unit. 

Another camera in which the light sensitive material is also 
placed on a recording drum, is shown in Fig. 274. In this 
design a drum made of light metal with a relatively large 
circumference is used, and the film or ])ai)er stri})s stretched 
over it to a length exceeding 1 metre. The advantage of 
this arrangement is the great length of the oscillogram, and 
the possibility of attaining very high circumferential velocities 
with a motor-driven drum. In order that exposure shall take 
place only once during a single rotation of the drum, it is 
necessary for the shutter of the lens aperture to be open for 
a time equal to that of one rotation of the drum. 

To be able to determine the necessary exposure at any time, 
a speedometer is connected to the axis of rotation of the drum 
as in the arrangement shown in Fig. 274, thus showing the 
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Fig. 274. Camera with 1..arge Circumference Recordino Drum 
FOR Very High Speeds 
(Institute A. Widnuiicr T. H., Stiittfiart) 


' '■ -^8 



Fig. 276. Rear View of the Author’s Oscillograph Camera 
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necessary exposure time of the aperture when required. These 
additions make the apparatus expensive. A further dis¬ 
advantage of the older forms of construction is that the light- 
sensitive material must be loaded in a darkened room and the 
loading and unloading is much more troublesome than, for 
instance, the loading of plates in boxes. These disadvantages 
are avoided in the oscillograph camera shown in Fig. 275. 
The deflection of the spot on the screen caused by the voltage 
to be oscillograj)hed is in this case ])rojected on a narrow slit by 
the specially wide aperture lens discussed above. The width 
of the slit should be just enough to enable the optical image 
of the sweep to pass through com])letely. The slit is effective 
by reason of the fact that to a great extent only light from the 
zone over which the spot is passing is recorded. The exclusion 
of extraneous light (e.g. halos) results in a ])articularly (*lear 
oscillogram, and makes recording in undarkened surroundings 
possible in spite of the high-power lens. The motion of the 
light-sensitive material in front of the slit is carried out by 
the dark-slide which holds it, and whi(‘h is moved ])ast the slit 
in guides under the tension of a s|)ring. The velocity of the 
movement can be varied within wide limits by adjusting the 
tension of the spring. The arrangement is designed so that 
the slide attains its full velocity before the light-sensitive 
material reaches the slit and the slide then moves past the 
slit with constant velocity, being pulled u]j shortly after passing. 
If the friction between the slide and its guides is very small, 
uniform motion during its ])assage i)ast th(‘ slit is secured. 
The regularity of the motion can also be seen from the 
oscillogram shown. The maximum velocity of the light- 
sensitive material with this arrangement is about 4- 5 m. pei* 
sec. The velocity of the movement })ast the slit is controlled 
by the light from an a.c. mains-operated neon lamp, which 
passes through the slit in a small beam either below or above the 
image of the fluorescent stroke (see Chapter II, })j). 330 to 330). 

With the lens system employed and a reduction of at least 
1 : 3 to 1 : 4 necessary to secure adequate intensity of illumina¬ 
tion, the maximum width of the oscillogram, including the 
adjacent strip (a few millimetres wdde for the time marking), 
amounts to about 3 cm. 

Raising the box slide which is seen in Fig. 270 makes it 
possible with the 9 cm. x 12 cm. size stock used to put three 
oscillograms under one another on the same plate. Orientation 
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of the camera and adjustment of the lens is carried out by 
means of the ground glass screen which can be introduced 
behind the slit at tlie approximate level of the light-sensitive 
material. The time of exposure whi(*h the camera has to 
record amounts to sec., according to the tension of the 
spring. If noil-periodic processes of short duration are to be 
oscillographed, it is essential that the event must take place 
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in the short time interval mentioned dining which the light- 
sensitive material is in front of the slit. 

In order to arrange this with non-recurrent processes, 
the elei*trically-released lever is combined in its construction 
with the contact device shown on the left of Fig. 276, 
which makes contact simultaneously with, just before, or 
just after, release. In the equipment described ordinary tin 
boxes are used, so that the light-sensitive material can be 
fixed without adjusting, transporting the recording equipment, 
or making the space dark and simple operation and ability to 
reproduce the final adjustments of the optical system are 

23 (r ^f») 
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secured. Pig. 277 shows two oscillograms with the time scale 
marked on the same plate with the simple camera and optical 
system mentioned. The oscillogram shows excellent contrasts 
in spite of the fact that only the ordinary anode voltage, types 
of plates, and normal development were involved. For pro¬ 
blems where analysis in more detail is necessary, the same 
construction of camera is used but with improved and chro¬ 
matically corrected objectives—^the latter being most impor¬ 
tant. Sometimes it is necessary for special purposes to 
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Fig. 277. Oscillogram aj^d Time Scale obtained 
WITH THE Camera of Fig 281 having a Simple 
Optical System 

photograph several oscillograms not successively, but simul¬ 
taneously on one and the same light-sensitive material. In 
such cases, either a special optical system or an ordinary one 
with longer focal length and particularly sharp focus for 
clearness in tracing, must be used for each oscillogram. Simul¬ 
taneous photography of two or three oscillograms is carried 
out by arranging two or three tubes with small bulbs directly 
above one another, and the fluorescent sweeps resulting from 
deflection are then traced below each other. 

(ii) Photography of Long Period Oscillograms with Film 
Equipment, Extremely long oscillograms may with advantage 
be recorded by means of a film camera. When ordinary film 
cameras are used for this special work, the Maltese cross must 
be removed in order to ensure a uniform motion of the film 
instead of the usual intermittent motion. The strain on the 
film and on the driving mechanism at a given velocity in 
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metres per second is very much reduced when the motion is 
iimform ronsequently, iclatively high sjieods (up to five m 
per sec ) are possible without any trouble The camera is usually 

. _ 
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Fig 279 Simptf Film Camera >4TTh Motor Drive 



326 


CATHODE-RAY TUBES 


driven electrically or by hand. Pig. 278 shows an arrangement 
of ])hotographic equipment which is driven by hand, and which 
at the same time permits of observation in the rotating 
mirror the oscillation to be photographed, so that the desired 
portion of the oscillogram can therefore be selected. Generally, 
however, an electrical drive will be preferred to the ordinary 
mechanical drive by a belt so that a wide variation in speed 
can be secured without strain. Shunt motors with adjustable 



Fig. 280. Kecordin(. EQiirMKNr ior Firm Velocitiks retween 
0-ri AND 20 M SE( 


brushes are particularly suitable for this y)urposo. The i)ower 
required is about one-sixth h.]). 

An old type of camera witli an electrical drive is shown in 
Fig. 279, and a more modern construction in Pig. 280. Storage 
drums for 30 to 60 metres of film are sufficient for tlie average 
length of oscillogram. A box which can be placed near to the 
camera and which accommodates about 30 metres of film is 
provided to receive the exposed film. This box is closed by a 
shutter, which at the same time acts as a knife and cuts off 
the exposed film, which can be taken out of the camera in 
daylight to be developed. In the latest form of construction 
a still more compact assembly than that shown in Fig. 280 
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is provided. By using special reduction gearing, and by regu¬ 
lating the drive, any film speed between 10 cm. and 25 m. per 
sec. can be obtained. In fact, for special problems, contrivances 
for registration up to 80 m. per sec. have been developed, and 
these, in conjunction with particularly high anode voltages and 
efficient tubes, enable recording of ])eriods of 10"® sec. to be 
carried out. In order to reduce film consumption, i.e. to bring 
the film up to the required speed in the shortest time, and also 
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to bring it to rest quickly, a s})ecial coupling and braking 
device is usually provided, ]>articularly when the film speed 
is high. The principle of such a device is shown in Fig. 281. 
If the motor with its moving parts has reached the necessary 
speed of revolution, a slight pressure on the lever w Inch brings 
the conical fri(*tion cou])ling into faction, is sufficient to give the 
necessary speed to the film. Immediately the control is released, 
the brake is applied by the spring and the band of film brought 
to rest. The cost of the accessories mentioned l)ecomes worth 
w liile, particularly wdien oscillograms of very rapid processes 
are to be made. If both film velocity and the process under 
examination are relatively slow\ the friction of the film itself 
is a sufficient brake. In such a case only the coupling device 
needs to be provided. If a number of oscillograms are to be 
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photographed at different times, a time indication, such as 
the illuminated dial of a watch or something similar, should 
be photographed at the same time so as to make subsequent 
identification of the oscillograms possible. 

VI. Ulow Photographic Recording of Amplitudes 

In the photographic recording discussed in the last section, 
the object was to record the exact outline of the whole oscilla¬ 
tion. In a number of cases, however, slow photographic 
recording of the ray deflection amjjlitude without making 
individual oscillations visible. For example, in tracing the 
frequency characteristics of amplifiers, microphones, loud¬ 
speakers, etc., which involves recording values of amplitudes, 
i.e. in general concerning all problems where sudden amplitude 
fluctuations occur in the work circuit over a period of a few 
minutes. In order to show clearly the special advantages of 
recording amplitude values with cathode-ray tubes, we will 
discuss briefly the usual methods employed. In most cases, the 
amplitude values are measured by a series of jioints. 

For this purpose integrating voltmeters (instruments showing 
the effective value) are used for the input and output alternate 
ing voltages. The points obtained are joined to form a con¬ 
tinuous curve. If the amplitude curve has an involved outline 
with many fluctuations, a considerable number of points close 
together should be traced. The method in the presence of 
rapid fluctuations is very troublesome, easily produces errors 
of measurement, and finally cannot be used at all for variations 
which extend over a few seconds only. If the curve is made 
with a tracer, such as a pen, which makes an automatic record, 
the whole outline of the curve and the points of detail in it 
can only be registered by the instrument up to a point where 
its inertia introduces an appreciable error in the mean value. 

The necessity of redrawing the curve in consequence of 
non-linear relation between the measured value and applied 
alternating voltage, the indeterminate errors in the indicator 
which result as a variation of the form-factor of the oscillation, 
and other disadvantages, would seem to make registration by 
this method unsuitable for some purposes. 

The registration of amplitude values with cathode-ray tubes 
as distinct from the usual tracing methods mentioned, has 
several fundamental advantages. 

The cathode-ray tube is not an integrating instrument; it 
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follows the outline of the output voltage without any lag. The 
voltage to be measured and the deflection of the ray are 
practically linearly related, so that the curve traced can nearly 
always be used without redrawing. Linearity results in a 
great simplification of ordinate calibration, which can gener¬ 
ally be done by injecting a known voltage in the record either 
before or after making measurements. If the deflection of the 
ray in the cathode-ray tube is photographically recorded, it is 
possible to make deductions which w^ould not be possible with 
the use of r.m.s. voltmeters. In the record traced by the 
cathode-ray tube, voltage harmonics are easily seen. During 
the process of recording, a more or less definite photographic 
impression is noticeable according to the velocity of the moving 
spot. For example, with a sinusoidal voltage, the points of 
reversal are sharply defined. If the second harmonic is very 
prominent, increased blackening appears near the zero zone, and 
so on. Deduction of the distortion factoi- from these measure¬ 
ments is sufficiently clear for most |)ur])oses. Furthermore, by 
tliis method of recording, asymmetry in the oscillation, which 
may be caused by asymmetry in the unit under investigation, 
can be recognized by the amplitudes being unequal on either 
side of the zero line. The ordinary method of recording would 
merely show a mean value instead of an unsymmetrical outline. 
Further, in recording values of amplitude with cathode-ray 
tubes, superimposed high frequency or hum voltages which 
are present with the voltage to be measured are recognizable 
with certainty. It is also possible, when recording ampli¬ 
tudes of modulated high-frequency voltages, to include the 
degree of modulation, since the zones in which the points of 
reversal of the sinusoidal voltage lie are shown. 

Finally, another advantage which must not be underrated 
is that as a result of the absence of inertia in the recording 
device, the tracing can be very quickly completed, providing 
that no inertia in the measuring circuit has to be considered. 
An equipment for the slow recording of amplitude values is 
shown in Fig. 282. The equipment consists of a drum for the 
light sensitive paper driven by clockwork at a regular speed 
which can be altered at will. The time of revolution of the 
drum can be varied in two stages, and within these stages 
continuously, so that a range of time between one-half and 
six minutes is covered. The position of the drum at any 
time is shown by an indicator rotating in step with it. In 



330 


CATHODE-RAY TUBES 


place of an indicator, a coupling can be used in the equip¬ 
ment shown for tlie purpose of ])roviding a direct mechanical 
connexion with the time axis, for instance, to couple it to a 
governor or to the variable condenser of an audio-frequency 
oscillator. 

Even without direct coupling, an abscissa scale suitably 
adjusted to the work (lircuit can be obtained in view of the 
uniformity of the drum rotation. As a rule, the time of revolu¬ 
tion of the recording drum should be adjusted to be somewhat 
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greater than the period of the ju'oeess under examination. It 
is possible with this ])roviso to introduce the calibration voltage 
previously mentioned before or immediately after the finish of 
the tracing, and in this way obtain a time scale. If these time 
marks which limit the work circuit are insufficient, and it is 
required to add others, they can be obtained in a very simple 
way by disconnecting the measured voltage from the tube for* 
a short time. The recording equipment show n is built so that 
it can be brought up directly to the fluorescent screen of the 
tube. The slit opening ensures that as little extraneous 
illumination as possible passes through the slit, so that 
recording can be carried out under conditions of ordinary 
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external illumination. In order to prevent the ingress of light, 
both before and after the actual recording, a shutter is pro¬ 
vided in the equipment. The optical system through which the 
light beam passes is so arranged and designed that a sharp 
image of the fluorescent stroke appears on the surface of the 
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pa})er if the screen is biouglit up to tlie opening. The power 
of the lens is chosen so that sufficient action takes place on the 
paper when ordinary material is used. o])eration taking place 
at 1 oOO \olts anode potential and at the rate of rotation 
mentioiud An on-and ofl s^Mtch for the drum rotation, and 
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one which is independent of the velocity control, enables the 
rate of rotation once adjusted, to be maintained. Figs. 283. 
284, and 285 show several records which indicate the typical 
peculiarities of the methods discussed. Fig. 283 is a photo¬ 
graph of an amplitude curve of a pick-up when the velocity 
amplitude is kept constant and the frequency varied. The 
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pick-up under investigation operates without amplitude distor¬ 
tion over almost the whole frequency range, since a complete 
record appears right up to the edges of the curve, and between 
the limits recorded there are no appreciable variations in 
density, i.e. the voltage recorded is very nearly sinusoidal. 
Fig. 284 shows another record in whicli a high harmonic 
content is present, especially in frequencies up to 200 eye.; 
this also from a pick-up. The striations in the low-frequency 
range of the record can be reproduced entirely by repetition 











Fi(, 28.5 Frkqi r.\( \ Ci r\l of an Almost Completlia Vnloadld 
Electromech4mcal System and showinct Silver\l Points 
oi* Resonance 

of the measurements, and are characteristic of the outline of 
the curve shoving how the amplitude varies dynamically in 
the case of the instrument under test. 

In this case it must be pointed out that with the liigher 
definition in recording possible in modern tubes, the amjilitude 
values and the striations are much more noticeable than they 
appear here. The record of Fig. 285 is also extremely instruc¬ 
tive. This is the frequency characteristic of an unloaded, 
undamped loudspeaker system which shows a series of well- 
defined resonance points. It can be seen from the record that 
the sinusoidal shai)e of the voltage is only visible at the reso¬ 
nance points. Between the resonance points, the limits are not 
at all clearly defined. The oscillogram of the voltage charac¬ 
teristic in the intermediate range showed that at these points 
the voltage showed a strongly-defined third harmonic. 

The examples shown should give sufficient indication of the 
suitability of slow photographic recording of amplitude values 
with the cathode-ray tube for certain problems of measurement. 
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VII. Simultaneous Recording of Time Scales 

In the recording of non-periodic processes, simultaneous 
registration of time scales is of great importance for evaluating 
the curve. Time-marking is also necessary with periodic curves 
if there is no characteristic component in the oscillogram which 
can be recognized by its frequency. The time variable is 
registered automatically if the data of the time deflection are 
known exactly, i.e. the law which the time deflection obeys and 
the magnitudes involved. For example, in saw-tooth oscilla¬ 
tions which have a linear rise, the time scale is completely 
recorded if the discharge frequency and length of the fluorescent 
stroke caused by it are knowm. A simj)le numerical example 
may give an idea of the time scale which can be attained 
with such oscillations, assuming the discharge frequency is 
known to be 20 000 eye. The space covered by the cathode 
ray periodically due to the discharge voltage extends over a 
length of 15 cm. Then 1 mm. on the time abscissa of the 
fluorescent figure corresponds to 1/3 000 000 sec. Time-marking 
can be made in a similar way with discharge voltages having 
an exponential rise or fall or with sinusoidal voltages of known 
frequency. But in such cases the law involved must be taken 
into consideration. 

The time scale in mechanical time deflections is also indicated 
in a simple manner if the velocity of the moving parts is 
definite and known. The case in which a synchronous motor 
drive controls the optical or electrical time deflection is a typical 
example. The most general method is that of electrical time 
deflection by saw-tooth voltages vith linear rise or fall already 
discussed in detail above. Discharge voltages of precise and 
known frequency are relatively seldom available in the labora¬ 
tory. On the other hand, sinusoidal voltages of known 
frequency, say from 50 or 500 eye. supply, audio-frequency 
generators such as tuning forks, valves or quartz crystals, are 
usually available. 

Synchronization of the discharge voltage with the sinusoidal 
voltage in accordance with one of the methods described above 
results in the formation of definite frequencies of discharge. 
From time to time tests should be made to check the frequency. 
When testing, it is only necessary to connect the sinusoidal 
voltage to the ordinate plates of the cathode-ray tubes for a 
short time, and count the number of curve traces visible. The 
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synchronization of discharge oscillations described above is 
therefore not only of importance in the formation of stationary 
figures in periodic phenomena, but also in the production of 
precise electrical time deflection generally. In all cases where 
time scale marking is not carried out by, or is not possible with, 
the device itself, it must be done by the assistance of accessories. 
The simplest way of getting a time indication in photographic 
recording or observation in a rotating mirror, is to photograph 
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simultaneously with the curve of the measured voltage, a neon 
lamp which is operated from a 50 eye. lighting supply or other 
source of current of known frequency. At the same time the 
reflection of the neon lamp should take place as nearly as 
possible simultaneously witli the motion of the spot, as other¬ 
wise errors will occur if the velocity of deflection is not constant. 
It is easiest to bring the neon lamp up to the path of the 
fluorescent stroke at the end of the bulb. Such an arrangement 
using a typical neon indicator lamp is shown in Fig. 286. The 


ACCESSORIES 


335 


time scale obtained with this arrangement is shown in Fig. 287. 
In order to obtain a clearly-defined time scale, it is advisable 
to use a small lamp or one which is partially obscured and 
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Fig. 287 . Timt: Scald Hdcorpivc. B’i \ Xlon L\’vip Fixed 
Kxternai.l^ wn ()i*j:Rvrhj> from r)Oc\(’LDS M vt\s 

in which the .striking and extinction voltages are not too widely 
separated, so that the lamp lights up only tor a short time 
at the instant when the alternating voltage reaches its maxi- 



Fio. 288 . Time Scale Recorded b\ a Slot Fixed at the Side 
AND iLLl MINATED BY A NEON LaMP FED FROM A.C. 

mum value. As the arrangement is above or below the fluores¬ 
cent stroke, the curve itself is not affected. Fig. 287 indicates the 
time-marking from a neon lamp operated from a 50 eye. light¬ 
ing supply. The separation between the black dots represents 
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sec., since the obscuring of the lamp was arranged so that 
the light intensity remained the same in both ])ositive and 
negative half-cycles. The design of the neon lamp for time¬ 
marking is less restricted if the marking is carried out with the 
assistance of a slit similar to that used witfi sound films which 
permits a band of light of fluctuating intensity to be recorded 
on the side of the film. In such cases, ordinary (‘ommercial neon 
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lamps used on lighting circuits can be emjjloycd. Time indica¬ 
tions made in this way on a strip of film are shown in Fig. 2S8. 
If the time scale is to be recorded very accurately, the simple 
neon lamp method discussed is iuade(j[uate. Jt is necessary 
to work with a larger number of more sharply-defined marks. 
For instance, a slotted drum driven by a synchronous motor 
is used in conjunction w ith modern methods of recording, and 
this supplies 500 flashes of light of short duration per sec. which 
are suitable for time-marking. Another method of time-scale 
recording, which is more accurate and wdiich lias been in use 
for a considerable time, consists in tracing a time scale next 
to the oscillation curve with the aid of an oscillating luminous 
spot. In this case it is possible to carry out optical reflection 
simultaneously with or separate from the curve. In the first 
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case the oscillating luminous spot must again be brought up 
to the fluorescent spot either by optical or mechanical means. 
An arrangement with separate optical reflection of the time 
base, described by von Wawrziniok,^®®^ is shown in Fig. 289. 
This circuit uses the vibration of an electrically-excited 
tuning fork which is maintained by a valve. Fig. 290 shows 
an oscillogram with a time scale obtained with this arrange¬ 
ment. The time scale was given by the vibration of a tuning 
fork of 230 eye., the sinusoidal voltage oscillographed corre¬ 
sponding to a frequency of 10 000 eye. In the arrangement of 


Fkj. 200 . OSCILLOGKAM OF A VoLTAGE OF 10 000 CYCLES WITH A TiME 
SC’ALE (230 CYCTKS) PRODrCED BY AV OsCILLATINf', MiRKOR 


Fig. 289 it is worthy of note that in addition to the time scale 
and oscillogram, it has been possible to record a further timing 
mark witli the assistance of the electrometer device shown. 

The use of a tuning fork constitutes a certain disadvantage 
in that it is limited to a single frequency. If, however, the 
oscillating mirror is connected to an electromagnetic or dynamic 
loudspeaker system instead of a tuning fork, this limitation 
disappears. Almost any frequency can then be chosen for the 
production of a time scale providing that generators of known 
low frequency are available. It is only above 2 000 eye. that 
amplitudes are reduced to such an extent that satisfactory 
marking can no longer be obtained even when a large input 
of power is fed to the loudspeaker system. A further useful 
method of time-marking, which is of great importance in con¬ 
nexion with electrical time deflection, consists in superimposing 
on the bias voltage of the brightness control electrode short 
voltage impulses at known intervals of time. As a result, dark 
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or light points occur on the curve corresponding to the im¬ 
pulses. In order that the curve shall not be distorted by this 
method of time-marking, it is advisable, if possible, not to make 
the amplitude of the pulse unduly great and to keep it as brief 
as possible. The formation of short duration impulses of this 
kind can be done partly by mechanical means—rotating c‘oii- 
tacts and at higher frequencies by discharge oscillations. Witli 
the discharge device shown in Fig. 291, short impulses are very 
easily obtained, not by using the discharge voltage itself, but 
by the voltage drop which results from the disc*harge in the 
neon tube, this being of brief duration. 

The resistance to be con¬ 
nected in series with the 
neon lamp must not exceed 
a few hundied ohms in 
order that the ])eriod of 
the discharge shall not be 
increased. \"oltages suffi¬ 
cient to give distinctly 
recognizable light spots as 
indications are. howwer, 
])roduced by the discharge 
current of ordinary neon 
lamps. 

Vlll. Complete 
Equipment 



FkJ. 291. ClKCClT FOK PrODI (’IN(J A 
Timk S( ale on the Osctllo(;kam bv 
Intensity (\)ntk()L with the Aid 
OF Very Short Voltaoe Impi lsp:s 


As all (‘omponents used 
with oscillographs have been 
discussed in the earlier 
sections, this section can be 


confined to the consideration of imrely constructional details of 


the complete apparatus. One of the main constructional points 
of cathode-ray tube apparatus is the method of supporting the 
tube. There are tw o ways of doing this. The tube may be fixed, 
and sup])orted, and possibly mounted at eye level so that the 
fluorescent image can be observed from practically any direc¬ 
tion. The possibility of observing the luminous screen from 
the front as well as from the inside is very important, particu¬ 
larly for general use in the laboratory, since switching controls 
are often such that they have to be made at some other point 
of the workshop and not close to the oscillograph. On the 
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right-hand side of Fig. 292 a form of support which has 
proved satisfactory in practice is shown The tube, in this 
case is adequately supported, but in spite of this there is space 
below the tube for arranging such parts of the measuring 
apparatus as may require connexion by short leads to the 
defection plates. The holder is arranged so that it can be 
rotated througli nearly 180°, so as to adjust the orientation of 
the co-ordinates as desired. The heating wires are arranged as 
far as possible to avoid coming near the neck of the tube, so 
that periodic deflection of the ray does not take place through 
the disturbing eff ect of stray fields from the heating wires w^hen 





Kio. 292 Old 'A i*l in ('athode-ray Ti be Eqi ipment Connected 
TO Mat\s AM) Timi. Hasi: (’irc i it {Liybold Xadif A O.) 

a.(*. supply is employed. With modern types of tube construc¬ 
tion, where large bulbs are used, and in particular wdth tubes 
having large diameter screens up to 30 cm. or more, it is 
desirable to build the tube into a protective housing or shield. 
This seems particularly deskable since, in the event of a burst 
with a large diameter tube, glass splinters are violently scat¬ 
tered about and may cause dangerous w^ounds. Indeed, safety 
devices are so far advanced in television equipment, that a 
s])ecial glass pane has been set up as an observation window in 
front of the fluorescent screen to ensure protection of the 
observer. In most of the complete equipments discussed 
further on, therefore, the tube is protected in this w^ay. 

In the photogra])h, Fig. 292, which is of an older form of 
apparatus, the mains unit and discharge equipment, each built 
into separate boxes, are next to the stand. This form of 
construction has become very popular, and this is due in a 
great measure to the fact that all currents and potentials with 

23- (« If») 
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the exception of the heater current of the “time” discharge 
circuits, are taken from a.c. mains. The design in which the 


'■3 



Fig. 293. Mains Equtpmf:nt and Adjustable TrBE Si^pport 
{(ieneral Umho) 

mains and time discharge units are separated may also be con¬ 
sidered an advantage of the apparatus illustrated. Electrical 
time deflection is frequently not required. In such a case, the 



I- ^ 

Fig. 294. Self-contained Apparatus with Easily 
Interc ^han<ieable Parts 

apparatus becomes simpler and more compact when tlie time 
base unit is removed. Sometimes the time-base unit or mains 
equipment is wanted for special laboratory purposes. 
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An installation developed by the General Radio Co. of 
Cambridge, America, is shown in Fig. 293. Here, again, the 
construction is one in which the tube and mains equipment 
are separated. The construction of the tube supports is worthy 
of note. The tube can be more or less inclined. Fig. 294 shows 
the construction of a complete apparatus in which are the 
essential j)arts assembled as a compact unit. Valves and 
amplifiers for increasing the sensitivity, as well as the mains 
equipment, are arranged one above the other, and the assembly 



Ki( JM") Kgi iPMi NT 1 OR 1 n\ rrinoni'^ Pucvomena 
lN\<)i\r\( Mr\s( RhMiNTs {Ltifhold- v Iftifttni) 


IS sucli tliat additional e(|uipment can be added above the 
existing components a(*cording to the recjuirements. 

Tlie sizes of the jiarts are such that they can be inserted 
either in comjiartments or in the large common front panel. 
The mode of construction enables the maker to facilitate 
adaptation of tlie complete assembly to the demands to be 
made upon it. Another equipment is shown in Fig. 295. This 
illustration also gives further ideas for the arrangement of the 
tube and necessary equijiment. All (‘ontrols are on the front 
))anel below the opening for the observation of the fluorescent 
screen. A jiermalloy tube surrounds the cathode-ray tube 
and screens it from stray magnetic fields. 

Fig. 29() shows the circuit of a simple oscillograph with time 
deflection by means of a thyratron unit. An a.c. amplifier stage 
having a voltage divider connected in front of it increases the 




296. A Simple ()s< illo(.r\ph mith Time Deflection controlled by a Thybatron Unit 
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measuring sensitivity of the oscillograph. If fluctuating 
phenomena including those of the d.c. components are to be 
oscillographed, the voltage under examination should be con¬ 
nected directly to the work deflection plates and the amplifier 
stage cut out. The switch mechanically coupled to 82 
serves to put in circuit the time deflection unit when required. 
The condenser of the saw-tooth oscillation circuit is charged by 
the full voltage of the mains equipment through an adjustable 
high ohmic resistance. I^he thyratron operates over a small 
portion of the charging curve which is sensibly linear. Attention 
is drawn to the mains equipment of the circuit discussed where 
the regulation of the voltage is carried out by means of an 
auxiliary half-wave rectifier valve. In the circuit of Fig. 296 
tlie defle(*tion voltages of tlie tube are unsymmetrical but in 
the large oscillograph arrangement of Fig. 297 the deflection 
voltages are symmetrical to the anode of the tube. The time 
base circuit which has been developed to secure high-frequency 
deflection oscillations by means of a saw-tooth valve discharge 
(*irc*uit, is symmetrical by reason of an auxiliary amplifying 
stage to the grid of which a part of the voltage of the saw-tooth 
generator is applied. This is obtained from a voltage divider 
whose performaiK'C is independent of frequency. The linear 
portion of the curve is obtained by means of a screen grid 
valve, the grid voltage of which is regulated by fine adjust¬ 
ment of fre(pie!i(‘y. 'J'he instant of discharge corresponds to 
the critical point on the valve characteristic. The discharge 
circuit ])roduces deflection frequencies of the order of 10® cycles. 
By using capacity stages of higher values, frequencies down to 
1 cycle ])er second can he j)roduced. The decoupling units shown 
should he high enough to avoid feed hack through the internal 
resistance of a common path to the mains portion of the equip¬ 
ment. The mains equi])ment used in the saw-tooth time base 
circuit as well as the symmetrical voltage measuring amjflifier 
is common to both, and corresponds fundamentally to the 
mains section of the smaller oscillograph already discussed. 
Mention must also be made of the switching devices which 
connect the deflection })lates to the amjflifler, the time base 
unit, or direct to the voltage under examination according to 
the requirements of the problem. 

Further to avoid disturbances from stray magnetic fields, 
arrangements should be made, especially with compactly 
designed equi})ments, that most of the mains transformers 



V 






Fio. 298. COMPLITE P^QUirMEXT \NI> X'mt«5 with Hn^H-VACirM TrBE 
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employed have closed iron circuits and, furthermore, that 
they are so orientated that such stray fields as do remain 
cannot affect the path of the ray. 

Another complete assembly for universal use in the labora¬ 
tory is shown in Fig. 298. This consists of two boxes which are 
connected to each other by an eight-way high-tension cable. 
One box—the protecting housing—contains a high-vacuum tube 
with an 18-cm. diameter fluorescent screen. The box is some- 



Fin. 299. View of the Switchin'o Arraxoement for Connecttno 
THE Deflection Plates of the ArT‘\RATi s of Fio. 29S 


what extended at the Huoresceiit screen end in order to exclude 
stray light from the screen. In the second box which is 
also screened, there is a mains equipment for anode voltages 
of 000 and a push-pull time base circuit which, at the anode 
voltage mentioned, supplies time discharge voltages which are 
sufficient for complete control over the whole surface of the 
large screen. The switchboard for the deflecting plate system 
(Fig. 299) which will be discussed briefly since its use is applic¬ 
able to similar ajiparatus as well, is fixed above the box which 
excludes the light. It is very simple to adjust the apparatus 
to the particular ])roblem of measurement in hand, by means 
of this switchboard. After removing the short-circuiting plug, 
the pairs of deflection plates, Pari> 

connected up as desired. The leads to the plates and P^i 
are extremely short, so that the advantage of low earth and 
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distributed capacitances which exist in tubes with deflection 
plates led out at the side of tube, and the low capacitance 
construction of the switchboard, are retained. If time deflection 
is not required, plates Pj^ and should be joined together 
and to an earthed terminal. If time deflection is required, 
connexions should be made in the way indicated on the left 
of the photograph of the switchboard. 

The time deflection voltage symmetrical to earth is com¬ 
municated to the first pair of plates facing the anode, so that 
sufficiently sharp focusing is secured at ^vl and Py2y particularly 
during the investigation of small amplitudes even with unsym- 
metrical measuring voltages. For larger amplitudes a voltage 
symmetrical to earth should be applied to the plates Pyl and 
Py 2 with the high-vacuum tube. 

Lately, a very simple combination equipment called a 
“portable oscillograph“ has attained considerable popularity. 
This form of construction, which has been produced by various 
makers (Cossor, Ley bold, and von Ardenne) is distinguished 
by the fact that a oO-cyc. time deflection (‘an be applied, the 
amplitude of which should be sufficiently increased to ensure 
that only the centre and consequently the linear portion of the 
sinusoidal deflecting voltage comes on the screen. In the 
Cossor construction, as well as in tliat developed by the 
author, blacking out of the fly-back traverse is effected by 
means of the brightness control electrode simultaneously 
with the switching on of the 5()-cyc. time deflection. With 
such a very neat and handy piece of apparatus almost all 
the measurements discussed in this book with tlie excep¬ 
tion of those v^hich are only possible with the help of 
synchronized or unsynchronized discharge oscillations, can 
be carried out. 

The forms of construction illustrated and discussed must be 
combined with appropriate auxiliary apparatus; for example, 
for observation with rotating mirrors or for photograpliic 
recording. As photographic recording is not generally the main 
function of the apparatus, it has not hitherto been customary 
in developing equipment to combine with it the necessary and 
sometimes very expensive accessories for this purpose. As a 
rule, the apparatus is constructed in such a way that by 
setting up the additional accessories on the same table, or by 
inter-connecting terminals, this auxiliary equi])ment is correctly 
orientated with respect to the optical system. 
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IX. Aids to Operation with the Cathode-ray 
Tube 

There are many different auxiliaries for the operation of the 
cathode-ray tube, and these make investigations much simpler. 
These have been described partly in discussions on tubes and 
tube circuits so chat only a brief reference is necessary here. 
A distinction should be drawn between internal devices 



Kl< 300 Ei1MIN\T10N Ol SEtOSDAR’S IlLI MINATION IN THI 
P\iH ()i Tirr Flioresilm Spot Cai sed Huos 
VM) Stray Klectruns 

which facilitate or improve the operation of the cathode ray 
tube and those external aids which are partly concerned with 
switching arrangements and partly with mechanical devices, 
and which not only bring about simplification but, to some 
extent also, increase the scojie of the cathode-ray tube. 

Framing the fluorescent stroke with a mask is an important 
aid in tracing and observing oscillograms with mechanical 
time deflection. Fig. 300 shows the way in which this is 
done. Secondary illumination caused by the development of 
halos and stray electrons (see Fig. 286) is excluded by this 
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masking. The clarity of the oscillogram is increased tre¬ 
mendously. The same method in a somewhat different form 
is used in Figs. 275 and 282. Care should be taken when 
mounting the tube that iron stands or supports are not 
used, as the residual permanent magnetism in them is often 
sufficient to give rise to a permanent dellection of the ray, 
away from the axis of the tube. If, in spite of the use of 
stands of non-magnetic material, displacement of the ray still 
occurs, this is frequently due to the fact that the electrodes 
are not exactly centred owing to mechanical vibration in 
transit. In this case, if the tube has an anode which can be 
magnetized, adjustment of the position of the ray can be 
effected by an additional magnetic field. 

Displacement of the ray also frequently o(*curs by reason 
of the earth's field or stray fields from large masses of magnetic; 
material in the neighbourhood where the investigations are 
being carried out; for instance, machine foundations. This 
disturbance can be very troublesome, particularly with low 
electron velocities. In this case, it is advisable to arrange the 
axis of the tube in the direction of the disturbing field so that 
its effect is neutralized. Often, it is cjuite sufficient, in order 
to compensate for the earth’s field, to mount the tube vertically 
instead of horizontally, for since the earth's field is inclined 
at about 70°, the vertical component is much greater than the 
horizontal component. For small displacements of the ray 
permanent magnets suffice to obtain adjustment free from 
distortion; but for strong disturbing fields compensating coils 
covering the entire length of the oscillograph are used. In 
connexion with external accessories, reference should be made 
to the chapter on mains equipment (Chapter II, Section I), 
where mention is made of protective resistances. An extension 
of the range of utility of the cathode-ray tube can be attained 
by using the process for multi-characteristic tracing, already 
referred to briefly in the chapter on tracing c*haracteristics 
with electrical time deflection. 

There are, in principle, two ways of doing this. Tracing each 
curve in turn and tracing points on each curve alternately, so 
that persistence of vision makes all the points blend together 
and appear as one outline. 

The first process, which has been further developed by 
HoUmann in the characteristic comparator, employs in 
one type a rotary commutator or switch which connects 
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mechanically the anode voltage of each valve to be compared 
in turn to the deflecting plates by means of a special cam- 



Fig. 302. Charai’teristig Comparator with Vibrating Switch 

shaped contact, so that the outline of the characteristic of each 
valve follows one another. 


At the same time the appropriate grid voltage is switched on 
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and varied by means of a potentiometer arm rotating on the 
same axis. In place of the commutator or rotary switch an 
electromagnetic buzzer (})endulum convertor) can also be used 
(Fig. 302), which when operated from a.c. lighting supply volt¬ 
age and with correctly adjusted contacts, enables the entire 



Fio. 303. Diagram of a Commi tatok Switch i-ok Making two 
C' l RVKs Visible 


outline of the characteristic to be obtained. The abscissa 
tracing takes place automatically if a short interruption exists 
between both switch contacts. In the process of curve tracing 
by separate points a rotary commutator switch (Figs. 303 and 


f 






Fig. 304. View of (V)Mmi tatoh Switch Si itaole for Makivg 
100 (Jhange-ov?:rs per sec 


304) is employed. By arranging the spacing of tiie three brushes 
each of the two a.c. voltages to bo compared can be applied 
in turn to the “work” deflection plates. The interruptions in 
the curve which necessarily occur become smaller for a given 
frequency to be examined the higher the rate of rotation or speed 
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of the commutator. The number of revolutions of the switch 
should therefore be as high and the number of bars as great 
as mechanical conditions of operation will permit This 
is particularly applicable to the tracing of single non-recurrent 
processes, but the interruptions in the outline of the curve 



FlO. 305. CllARACTKIUSTU’ COMPARATOR ITH ChANGE-OVER ACTUATED 
BY A Valve Circi it 

cannot be less than the points of the curve which are actually 
traced. In tracing high-frequency ])henomena. switching 



Fj(!. 30(i. Co-ordinate Scale on the Fluoresce.vt Screen 

operations in both cases should be carried out by valves. An 
arrangement for alternate tracing of each curve with switching 
arrangements controlled by a valve is shown in Fig. 305. 

It is often very desirable to evaluate the oscillogram directly 
on the luminous screen. In order to facilitate the fixing of a 
scale, rectangular co-ordinates on the outside of the screen 
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(Fig. 306) are recommended. If it is desired to read amplitude 
values only, the auxiliary apparatus of Fig. 307 enables exact 
measurement to be made. It consists of two measuring arms 



adjustable in the vertical direction, the distance apart of 
which can be read off on a scale. I'his scale can also be cali- 



Fkj. 308. ScALK FOR DIRECT READING OF VoLTAGE 

brated in terms of voltage. If only one deflection is applied 
to the tube, it is sufficient to arrange a measuring scale in front 
of the luminous screen as in Fig. 308. 
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CHAPTER III 


THE CATHODE-RAY TUBE AND AUXILIARY EQUIPMENT 
FOR MAKING MEASUREMENTS 

Previous chapters of this book have dealt with the cathode-ray 
tube, its principles and construction, as well as the accessory 
equipment required for operation with it. The accessories have 
been described in detail in so far as their use is essential to 
the working of the tube. The principal section to which we 
now come covers the most important special uses of the cathode- 
ray tube as a measuring instrument. These uses will only be 
described so far as they involve new combinations of the tube 
and its accessories, and therefore several of them are not 
described in detail as they are in the chapter on the tube and 
its accessory apparatus. First, a survey will be given of the 
possible uses of the cathode-ray tube. 

I. The Observation of the Path of the Ray as 
AN Independent Problem 

The original purpose of the high-vacuum, as well as the gas- 
filled, tube was the tracing of the relation between time and 
an independent variable. Gas-filled tubes possess an illumina¬ 
ting ray which is limited in space. By using a modern system 
for ray production with a relatively high gas pressure and a 
gas which is particularly good from an illumination point of 
view, e.g. helium, very intense and narrow illuminating beams 
can be produced. Such tubes, therefore, facilitate not only 
the tracing of oscillograms by the movement of the fluorescent 
spot, but also, by direct observation of the tube itself, investiga¬ 
tions of the conditions under which rays are produced and 
stray fields which affect them. For these purposes, the low- 
voltage cathode-ray tube is particularly suitable. The addition 
of special deflecting electrodes for measurements of this kind 
is not essential. As already mentioned in earlier chapters, 
ionization phenomena and conditions of focusing can be inves¬ 
tigated by variation of the gas pressure, the type of gas, its 
temperature, the number of electrons and their velocity. The 
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diffusion of electrons in a dense gas can also be calculated from 
the spreading out of the rays which results. The return con¬ 
duction of the current in the cathode-ray tube, of both ions 
and electrons, can be recognized by the luminous excitation of 
the corresponding current path. The quantitative investigation 
of these return currents is made j)ossible by measuring the 
current j)assing to each individual electrode. 

Ionization can be recognized from the resultant enlarge¬ 
ment of the spot, under high-frequency deflection of the ray. 
The distribution of potential in the ray path can be determined 
by means of the Aston crossed cathode-ray method in which 

Tr 



Fig. 309. Cathode Ray Deflected ix a Magnetic Field 

the deflection of a second cathode-ray crossing the primary is 
measured. Attention mxist, however, be given to the possibility 
of potential changes in the path of tiie primary ray occur¬ 
ring owing to the second cathode-ray crossing it. Under the 
influence of magnetic fields the electron jet is deflected 
from its linear path (see above) to one which is part of a 
circle (Fig. 309). 

The strength of the field influencing the cathode ray can be 
calculated from the radius of curvature of the deflected path, 
or if the length of the ray path is known, from the deflection of 
the fluorescent spot from the origin position on the screen.^^^ In 
this way any magnetic field can be explored point by point 
with the cathode-ray tube. Instead of calculating the field 
strength from each individual deflection, it is possible to cali¬ 
brate the tube initially from a known and uniform field. In 
this case a scale in the form of a concentric circle can be brought 
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up directly to the luminous screen. It is important when doing 
this to ensure that the tube is in a space free from any stray 
fields, and that the effect of the earth’s field is compensated. 
As a space free from magnetic field, either the inside of two 
interlocking soft iron tubes can be used or the earth’s field may 
be compensated by as large a current coil as possible. This 
current coil can also be used for calibrating the tube. Fig. 310 





shows an equipment for measur¬ 
ing the earth's field, which was 
developed by the A.E.G. In this 
instance the tube is mounted 
in a manner similar to the 
telescope of a theodolite, and is 
easily turned about the vertical 
or horizontal axis. Arcs of 
circles facilitate the reading 
of the magnitude of the angles. 
A special arrangement enables 
the tube to be turned exactly 
through 90° which is essential 
for determining the magnitude 
of the field. The measuring 
equipment has the advantage 
of recording the two important 
characteristic‘s of the field (mag¬ 
nitude and direction) within a 
fraction of a minute. When 
the tube is vertical, the hori- 


Fig. 310. Electron Mlani r- zontal Component of the earth’s 
ING Equipmem’ m>r Rapid Estima- field which is at right angles to 

Direction of an Extended path ot the ray can be 

Magnetic Field determined alone. At the same 


time the electron jet is deflected 
at right angles to the magnetic lines of force and the fluorescent 
spot is deflected eastwards. The use of this method of ascertain¬ 
ing the horizontal component of the field as a direction indicator 
led to the electron ray aeronautical compass developed by 
Briiche (Fig. 311). 

Up to now, the direction and magnitude of the earth’s field, 
which change from place to place, have been ascertained with 
reference to the surface of the earth. With the aeroplane 
compass the direction of north, or in the aeroplane the direction 
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of flight, is determined by measurements in the magnetic field 
of the earth which is known, and the orientation with reference 
to the earth's field can be ascertained. The impossibility of 
excluding the effect of the vertical component of the earth’s 
field when the aeroplane is inclined, as well as the inertia of 
the needle, must be considered as a disadvantage of the mag¬ 
netic compass. Apart from the freedom from inertia of the 
electron jet, the latter registers the horizontal and vertical 
components individually and brings them separately to the 
indicator; in this way it not only avoids errors of the magnetic 


N 
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Fig. 311. Electron-ray Compass for Aircraft {Bruche) 


compass, but also enables positive indication of the inclination 
of the aeroplane to be made. If the tube and aeroplane are 
turned about a vertical axis, the electron jet maintains its 
position unaltered relative to the magnetic field of the earth, 
and the fluorescent spot is always deflected eastwards. If, 
as in Fig. 311, directions in the form of a compass card 
are traced on the screen, this provides for orientation. When 
the aeroplane turns the spot moves ; it traces the so-called 
direction circle. If the tube is not kept vertical but inclined 
in space, the direction circle is brought under the influence of 
the vertical component of the earth's field. The electron 
compass can also be used as an inclinometer in the same 
way (Fig. 311). 

Fig. 311 shows on the right a direction diagram for different 
vertical inclinations of the aeroplane. A disadvantage of the 
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electron ray compass is that the method of indication is not 
immediately obvious to the pilot. He must always work 
out mentally the actual flying position 
Ml from the indication of the equipment. A 

** cathode-ray tube with all the necessary 

li\ ^ equipment for an electron ray compass is 

; { ' shown in Fig. 312. The observation tube 

for the luminous screen can be seen in the 

vf 

upper portion of the equipment. As the 
electron ray is deflected in two dimen¬ 
sions by the action of extended magnetic 
fields, it is possible to make experiments 
_^ on models of such fields with the 




Fig. 312. View of Fig. 313. Spatial Deflection of the 

Electron-ray Air- Cathode Ra\ into a Loop 

CRAFT Compass 


Fig. 314. Spatial Deflection of the Cathode Ray by the Magnetic 

Field of Coils 
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cathode-ray tube. Examples of spatial deflection of the 
cathode ray are shown in Figs. 313 and 314. Experiments 
on models to confirm the Stormer theory of the polar 
aurorae have been made by Briiche.^^^ According to the 
Stormer theory, the polar aurorae are caused by streams of 
electrons which reach the earth from sun spots. After arduous 
observations on the northern 
hghts and also by calculation, 

Stormer showed that these rays 
through the influence of the 
earth’smagneticfield, can reach 
the earth in narrowly restricted 
beams either causing well- 
known luminous phenomena in 
the atmosphere, or returning 
back into space. In order to test 
the theory, Bruche subjected 
gas -focused rays t o the influence 
of magnetic fields which corre¬ 
sponded approximately to the 
shape of the earth’s field. 

These experiments are of par¬ 
ticular importance in research 
into the physical state ot the 

Heaviside layer. The reflection _ ■ 

and refraction of high-fre- ' ^ ^ ‘ ; 

quency waves can also be 
imitated by means of experi¬ 
ments on models. The high- 
frequency waves, according 
to the de Broglie tlieory, are 
substituted by electron rays 
of corresponding velocity, and 
these are deflected at one or 
more wdre grids w^hich are at different potentials. The tube 
in Fig. 315 has been developed for instruction and practical 
work in physics. The system for producing the rays is so 
arranged that the electron stream can develop into a circular 
path in a uniform fleld. According to A. Bestelmeyer the 
value e/m is determined from the diameter of the circular 
path, the electron velocity, and the strength of the magnetic 
fleld. 



I* 


Fig. 315. View of \ Tlbe for 
Dkiermining the Value of 
(<m I ROM THE Path 
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II. Use of the Cathode-ray Tube in High- 
frequency Technique 

The chief function of the cathode-ray tube and the one 
for which it was originally developed by its inventor, Ferdinand 
Braun, is still the recording of phenomena which vary with 
time. Since, as a result of its freedom from inertia, it is possible 
for the tube to trace liigh velocity ])henomena, and it represents 
the most suitable instrument for making high-frequency 
measurements. The classical work of Zenneck and his pupils 
in particular has shown that high-frequency investigations of 
very varied character can be carried out with the cathode-ray 
tube. The characteristics of the circuit components used in 
high-frequency work, as well as the characteristic of the equip¬ 
ment as a whole, can be recorded faithfully. Tracing operations 
which are of short duration, as well as the control of high- 
frequency equipment over long periods, can be carried out in 
an ideal manner with the cathode-ray tube. The superiority 
of the high-vacuum tube over the gas-filled type is particularly 
clear in its use for high-frequency work. Most important of all, 
it eliminates anomalies of frequency whicli are caused by gas 
filling, and are most troublesome in this type of work. Further¬ 
more, the ohmic resistance between tlie plates which in the 
gas-filled tube is of the order of 1 MD., is high enough to be 
left out of account. 

1 . Examination of Individual Components. The fundamental 
element of all high-frequency arrangements is the oscillatory 
circuit formed by the electromagnetic and electrostatic sources 
of energy, the inductance and the capacitance. Investigation 
of the capacitance and inductance used in the oscillatory circuit 
is also essential, if it is required to know tlie way in whicli 
this circuit functions. 

(a) Examination of Condensers. The investigation of 
capacitances is involved in various jiroblems. Electrically the 
determination of the value of the capacitance may be looked 
upon as the most important measurement. It is determined 
either by finding its absolute value, or by comparative measure¬ 
ments. An extension of this measurement is the determination 
of the ohmic conductance. Methods of measurement which 
permit of the determination of both these values will be advan¬ 
tageous particularly for tests during mass production. A further 
characteristic of the condenser is its puncturing voltage or field 
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strength to cause breakdown. The time of commencement of 
the breakdown, and the total time and magnitude of the 
voltage, can be recorded by the low-voltage tube, though 
registration of the variation of voltage and current during 
the breakdown period is scarcely possible. This problem, 
which is important in making clear the theory of the mechanism 
of the breakdown, remains primarily subject to treatment by 
high or medium voltage oscillographs. Allied to the question 
of breakdown is the oscillographic determination and com- 
})arison of operating voltages under test conditions. 

Measurement of capacitance can be carried out very simply 
with the cathode-ray tube, using it as a voltmeter or ammeter. 
A typical arrangement for the measure¬ 
ment of complex resistances is shown 
in Fig. 31G. Here the voltage which is 
available by direct connexion to a 
source of very small internal resistance 
is measured, and also that across a 
known resistance which is in series 
with the resistance to be measured. 

The range of measurement can be 
altered within wide limits by the values 
of the generator voltage and The 
only limitation in the selection of 
the value Rj, is merely that it must be small compared with 
the internal plate resistance of the tube. In tubes with low 
gas pressure and return current guard-ring electrodes, or in 
high-vacuum tubes, the resistance may be 100 000 ohms if 
the frequency measured and the capacitance of the deflecting 
plate system is so small that the shunting effect of due 
to its ca])acitance can be ignored. The accuracy of measure¬ 
ment possible depends on the characteristics of the tube, and 
particularly on the diameter of the focused spot and the con¬ 
stancy of the generator voltage during the time required for 
carrying out both measurements. This simple arrangement is 
only suitable for very accurate capacitance measurements when 
used in conjunction wdth modern tubes. It is very suitable for 
bulk testing of capacitances when rapid measurement is of 
importance. One disadvantage of the arrangement is that 
the voltage division depends on the complex resistance, and 
not on the reactance of the condenser. It is essential, there¬ 
fore, when testing condensers by this method, to sort out 
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beforehand those whose ohmic conductance is extraordinarily 
high. 

Bridge methods are usually employed where the most 
accurate determinations of capacitance are involved. With 
a preliminary amplifier, the cathode-ray tube is very suitable 
as a detector for such circuits. Adjustment of the zero balance 
can be made much more exactly by optical means which 
are free from the possible disturbance of factory noise. If 
the source supplying the bridge does not give a sine wave 
voltage, the determination of the null point with the cathode- 
ray tube is much more accurate than by the usual acoustic 
method, and not only the amplitude but the shaj^e of the 
curve with time deflection can be observed. As an indicator 



Fig. 317. Circuit fob Measuring 
Dielectric Losses 


for bridge circuits, the cathode- 
ray tube has considerable ad¬ 
vantages over galvanometers, 
valve voltmeters, and otlier 
apparatus by reason of its 
freedom from inertia. 

Direct methods of measure¬ 
ment and bridge circuits are also 
used for determining the magni¬ 
tude of other characteristics, 
such as the olimic conductance. 


As a rule, direct measurement 


involves the use of the second pair of plates of the tube in 
order to determine ])hase changes. A circuit frequently used is 
shown in Fig. 317. Here the sinusoidal voltage of the generator, 
having a frequency /, is measured by the vertical pair of plates, 
and the reactance current flowing through the condenser by 
the horizontal pair of plates. The current is measured as a 
drop in voltage across the resistance R by the aid of an ampli¬ 
fier. The amplifier is necessary in examination of small currents, 
so that the resistance E may be kept small com])ai*ed with the 
resistance of 0, and in this way disturbance by ])hase changes 
is avoided. Also, the amplifier must not give rise to phase-shift. 
Fundamentally, resistance coujded amplifiers are necessary here, 
since they alone are free from this complication. The amplifier 
should be designed so that its maximum amplification occurs 
at the frequency of the generator (see Chapter HI, pages 
380-387). Here, again, the condition that the internal resist¬ 
ance of the generator shall be small compared with the internal 
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plate resistance of the tube, must be fulfilled if possible by 
the use of a high-vacuum tube. As the voltage components 
from the generator are 90° out of phase a circular diagram 
appears on the luminous screen provided that the degree 
of amplification is suitably adjusted, and that the condenser 
has perfect insulation. If, however, such conductance exists, 
the circular figure would be modulated by the addition of 
the current involved, which would be in phase with the 
generator voltage. Resistance components come into promin¬ 
ence particularly if the conductance depends on amplitude, 
as in the case of neon or flash-over discharges. If the con¬ 
denser losses are small it would appear to be best for the 
voltage of the ordinate pair of plates to be formed by the 
reac^tance of an auxiliary condenser with the assistance of a 
resistance and amplifier. In this way the circular diagram 
becomes a straight line, and the small phase angles begin to 
be noticeable by the formation of loops. This is, of course, 
subject to the condition that the comparison condenser is free 
from losses. The frequency range of the measuring equipment 
when amplifiers are used is not limited by the upper frequency 
limit of the aperiodic amplifier, but by the frequency of maxi¬ 
mum am])lification advocated above. By using small coupling 
condensers this frequency can be displaced towards the higher 
range. As the range of frequencies covered by the amplifier 
decreases, however, it becomes increasingly necessary that the 
frequency of the generator should coincide exactly with the 
frequency of maximum amplification of the amplifier in order 
that the correct ]jhase relations may be obtained. With regard 
to measurement of arcing voltage and the outline of the oper¬ 
ating and test voltages, it should be noted that the measuring 
range of low voltage tubes usually necessitates the use of 
voltage dividers discussed in detail ])reviously, if a specially 
low sensitivity tube is not available (e.g. the tube in Fig. 142). 
Finally, for the sake of completeness, it must be mentioned 
that the dielectric constants, as well as the capacitance, can, 
of course, be investigated by similar circuits. For example, 
by coupling an electrical time deflection to a frequency regu¬ 
lator of the generator any variation of frequency due to the 
dielectric constants can be made visible on the screen. The 
necessary circuit arrangement and details about the measure¬ 
ment of very small changes in capacitance have already been 
given. (Chapter II, pp. 227-8.) 
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(b) Examination of Chokes and Transformebs. For the 
investigation of the electromagnetic sources of energy in 
oscillatory circuit chokes or transformers, methods similar to 
those described in the previous section for the examination of 
capacitances should be used. The methods used for measuring 
the electromagnetic sources are naturally modifications of those 
used for the measurement of the electrostatic sources. The 
dielectric constants are replaced by the permeability constants. 
With inductances, distinction must be made between magnetic 
and non-magnetic material in the patli of the magnetic flux. 
For non-magnetic material the permeability is constant = 1, 
and for magnetic substances it is a variable whose value 
in theory can scarcely be specified. The determination of 
the value of resistance can be omitted here. For measure¬ 
ment of the inductance with the cathode ray there are again 
direct and indirect metliods as in the case of measuring capaci¬ 
tance. In the direct method (Fig. 316, arrangement for 
measuring complex resistances) the condenser is simply substi¬ 
tuted by the inductance. Naturally, the same principles 
concerning the resistances and voltages employed in this circuit 
apply as in the case of measuring caj)acitance. The bridge 
method is also suitable for precise measurement of inductance, 
but the self-capacitance of the inductance must bo taken into 
account if errors in measurement are to be avoided. To reduce 
errors due to this cause to a minimum, the frequency of the 
generator should be kept as low as possible. In the same way 
the capacitance of a choke or transformer in the arrangement 
shown can be determined. 

With iron-cored chokes and transformers, a knowledge of 
the permeability becomes important on account of distortion 
caused by its variable magnitude. The cathode-ray tube is 
particularly suitable for making such measurements, since it 
can furnish the whole curve from which such particulars 
can be obtained. The magnetic permeability is defined as 
fji = B/H, where B is the induction and H the strength of the 
magnetic field. This definition leads to difficulties with refer¬ 
ence to any magnetic cycle since two values of B are obtained 
for each value of H, one on the rising and one on the falling 
branch of the hysteresis curve. Both these values of the per¬ 
meability correspond to the field strength only in the cycle 
selected which is indicated by a definite maximum induction. 
If the process extends to a different value of maximum 
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induction, then there are two other values of permeability 
corresponding to the same value of H. Consequently, there is 
an unlimited number of values assignable to fji. If it is decided 
to take the value of permeability from the magnetization 
curve, which is traversed until saturation occurs, then an 
unlimited number of values corresponding to H is no longer 
obtained but only two for each value of H, one on the upward 
and one on the downward .branch of the curve. This difficulty is 
avoided for d.c. by stipulating that the value of the permeability 
is taken from the first hysteresis curve. The conditions become 
much more difficult in the case of magnetization by alternating 
fields. These experiments show very clearly the superiority 
of the cathode-ray tube for tracing magnetic hysteresis curves. 
In consequence of its freedom from inertia the cathode-ray 
tube, especially the high-vacuum type, permits of the use of 
higher frequencies for investigations. Apart from determining 
the permeability, the tracing of the dynamic magnetization 
curve is important technically in calculating the iron losses 
which are given by the area enclosed by the hysteresis curve. 

According to the Angstrom process, the cathode ray is de¬ 
flected ill one dire(*tion by the magnetic field of a pair of coils 
with an open iron core, and in a direction at right angles to it by 
the field of an air-cored coil, both pairs of coils being in series. 
The air-core coils give rise to a deflection proportional to the 
magnetizing current of the pair of iron-cored coils, and the 
deflection of the latter is proportional to the flux in the iron 
core, but this flux is determined only partly by the magnetic 
properties of the iron under investigation, and is not by any 
means proportional to the induction B in the iron. In fact, 
the flux (f) is only partly dependent on the iron as long as 
the magnetic path in the iron and the air are of equal magni¬ 
tude. Madelung’s^^^ arrangement endeavours to get over these 
disadvantages. In the latter process, the magnetizing coils are 
wound on two glass tubes bent to the form of a semicircle which 
contain the material under examination in the shape of a slotted 
ring, and the slit encircles the cathode-ray tube at its narrowest 
part. This has the advantage of providing a much more uniform 
field at the deflecting point than if only one pole is used com¬ 
pared with the Angstrom method, distortion of the emrve is 
thus avoided. Furthermore, the material is examined as a 
closed ring as a result of which the deflection of the cathode 
ray for the same length of iron and magnetization is increased. 
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But even in the Madelung arrangement for tracing the I-H 
curve there is also a source of error due to the air gap in the 
iron ring necessitated by the cathode-ray tube. As a result 
of the air gap, spreading of the field, which is dependent on 
the permeability, occurs, and since the value of the permeability 
is not known, the extent of this cannot bo calculated. 

A correct value of the magnetization curve can only be 
obtained when a closed iron core is employed. Fassbender and 
Hupka^®^ take the curve of d<l>ldt against t from which they 
obtain, by graphic integration, the relation betw^een 0 and t. 
Furthermore, they ])hotograph the curve showing the relation 
between i and t, or accept it as being sinusoidal, and obtain by 
construction the relation between and /, as the required 
hysteresis curve. This indirect procedure wastes a good deal 
of time, and is not very accurate. These disadvantages are 
avoided by Kruger and Plendl in their method with a closed 
iron core for direct photography of the magnetization curve 
w^hich has already been shown in Cha])ter II, pp. 289-294, and 
Fig. 257, By this jirocess, the way in which the magnetizing 
curve depends on various factors, e.g. satui’ation, thickness 
of plate, the size of the air gap and the existing residual mag¬ 
netism, can be seen. The effect of frequency and temperature 
can also be made clear in the same way by the use of the 
cathode-ray tube. Apart from obtaining the magnetizing curve 
itself it is of interest to ascertain the inffuence of the shape 
of the curve on various circuits in w hich iron-cored inductances 
are used. For this purpose, on account of its freedom from 
inertia, the cathode-ray tube is a very suitable instrument 
for measurement, particularly at high frequencies. As previ¬ 
ously indicated, distortion of the primary voltage im¬ 
pressed on a magnetic circuit occurs as a result of the 
work done in magnetizing the iron and the variation of the 
permeability. 

The extent of the distortion varies according to whether 
the rising portion of the characteristic is concerned or wliether 
the region of saturation is involved. These distortions are 
usefully employed in practice by a process in which the fre¬ 
quencies are doubled by iron transformers.Such distortions 
can be recorded in a simple way with the cathode-ray tube. 
The method of frequency multiplication consists in saturating 
an iron-cored choke, which is in series with an inductance 
on a.c. supply, to such an extent that the magnetic reversal 
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occurs in a fraction of a half-cycle of the current in the circuit, 
i.e. in the so-called impulse time, as a result of which the voltage 
at the terminals of the choke is of a very “peaky” shape. An 
oscillatory circuit controlled by this peak is excited into self¬ 
oscillation, the frequency being determined by the inductance 
and capacitance, in the oscillatory circuit. The iron core 
represents the generator of the harmonic frequencies which 
occur. The effects of the additional circuit connexions in this 
arrangement can be oscillographed by means of the cathode-ray 
tube. For this j)iii[)ose, two coils without iron cores, of low 



Fig 318. Uns\mmetkical Characieu oi- Osciliogram oi the 
V o\^LL E” Dx > TO Ikon 

inductance and resistance, are connected in the forced oscilla¬ 
tion circuit, and these serve for magnetic deflection of the 
cathode-ray tube in tracing tlie outline of the current in the 
secondary circuit. 

The relative amplitudes of the secondary voltage which is 
produced are showm according to whether the rising or falling 
branch of the magnetizing curve is traversed. The difference 
in amiilitude can be recognized from Fig. 318, which shows an 
oscillogram of the vow^el “e.” Similar differences are showm 
by the oscillogram of the frequency characteristic of a trans¬ 
former connected to a valve (Fig. 319), which was taken by the 
slow photographic process for recording amplitudes discussed 
in Chapter II, pp. 328-332. The differences in amplitude result¬ 
ing from distortion due to the iron at low' frequencies can be 
clearly seen. The curve traced shows the resulting frequency 
characteristic resulting from the joint operation of the 
transformer and the valve. In the case of the transformer 
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stage investigated, the internal resistance of the valve causes a 
damping which is sufficiently great to transfer frequencies 
of the audible range fairly uniformly. The record shown is 
particularly interesting because the resonance in this case at 
about 7 000 eye. is strongly marked. 

The tracing of the process by which transients are built up 
is a problem which recurs frequently in connexion with choke 
resistance circuits. The object of the investigations is usually 
to trace the relative time constants. As a rule, measurement is 
directed towards oscillograi)hing the outline of the current and 
voltage as a result of a surge due to switching on. The charging 


! 



Fio. 319. Kec’Orijkd Kreqi kn(Y of a Transk)r\ier Stage \mth 
Strongly Pbonoi/nceo Stray Hesovaxce and (’onsiderable 
Distortiov in e to Freqi exctes below 100 ( lls. 

and discharging can also be studied by means of condenser 
resistance arrangements. Curves of such units with different 
time constants obtained in practice are given later (Figs. 
338, 339). If botli sources of energy are present at the same 
time in the circuit under examination, the oscillogram will not 
only show the formation and fading, but also the fieriodic 
alternation of energy between the two sources. 

(c) Investigation of Oscillatory (hRc^uiTs. If an impulse 
is given to an oscillatory circuit containing inductance and 
capacitance, in the manner indicated, a damped oscillation is 
produced. If this damped oscillation is recorded with the 
cathode-ray tube, the resulting oscillogram show^s the gradual 
change of the amplitudes caused by losses in the oscillatory 
circuit. This is, of course, conditional on the time deflection 
being of the same order as the increasing or fading transient 
oscillations. Fig. 320 shows a typical oscillogram of a damped 
oscillation. The logarithmic decrement of the process can be 
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read direct from the envelope of the amplitude curve. Where 
high-frequency oscillatory circuits are involved, the impulse 
should be repeated periodically and the time deflection synchro¬ 
nized with it when the tracing is carried out with the low- 




Fig 320. Oscillogram of a Damped Oscillation 

voltage cathode-ray tube. Wherever deflnite oscillatory circuits 
are involved, and where the characteristics are independent 
of the amplitudes, the tracing of the complete outline of 

the oscillation is chiefly of impor¬ 
tance for demonstration purposes. 

, It is different in the case where 

• - L, or perhaps C or i? as w^ell depend 

on amplitude. In such a case, 
the cathode-ray tube will furnish 
a means of forming an estimate of 
the effect of such factors on the out¬ 
line of oscillation in a very simple 
manner. 

The registration of the outline of 
the current and voltage curves in 
coupled oscillatory circuits is also 
of primary importance for teaching 
purposes. Fig. 321 shows a typical 
voltage outline of a coupled circuit. 
A further oscillogram (measured by 
■'"‘.K Kammerloher) which shows highly- 

damped oscillations very clearly in 
tightly-coupled circuits is shown in Fig. 322. Determination 
of the increasing or fading transient oscillation is of parti¬ 
cular importance when testing transmitters and receivers 
for suitability for high-speed telegraphy. In this case the 

25-(T.30) 
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time constants are measured and these must be kept small 
compared with the duration of the code signals. With very 
lightly-damped arrangements the times involved in building 
up or fading of the transient oscillations, as shown above, are 



Fig. 322. Damped Oscillation in Tightly-coitpled Circuits 

of the same order of duration as the low frequencies. With 
lightly-damped arrangements it is advantageous to take the 
damping decrement from the fading curve. In all other 
cases, the method described below should be used. For single 
high-frequency oscillatory circuits, with coupled h.f. circuits 
and complete h.f. amplifiers, the resulting frequency charac¬ 
teristic can be made directly visible by the method described 
in Chapter II, page 289 et seq. This method, which consists 
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in allowing the frequency of a transmitter to swing in synchro¬ 
nism with an electrical time deflection, can be altered somewhat 
for h,f. investigations. For example, the fluctuation in fre¬ 
quency can be produced by a condenser circuit electrically 
excited, one plate of which is formed by a telephone membrane. 
If this fluctuating capacitance is applied to the oscillatory 
circuit of a simple superheterodyne circuit, high and low 
frequencies are produced as intermediates according to 
design.The resulting frequency characteristic shows, in the 
case of an oscillatory circuit, the resonance curve as the 



Fio. 323. Frequency Characteristic of a Condenser Network 


envelope of an illuminated surface. From it, the tuning band 
and therefore the damping decrement can be determined 
directly. From the resonance curve and at least one of the 
other constants of the oscillatory circuit, the values of its 
characteristics (resistance at resonance, resistance of the coil) 
can be calculated according to known equations. The fact 
that the frequency characteristic of coupled units can be made 
visible is of particular importance in practice, especially in 
the case of h.f. amplifiers where several circuits are ganged. 
The freedom from inertia in tracing the characteristic makes 
careful synchronization of the oscillatory circuit and its 
control possible. 

The process described is frequently used for adjusting single 
knob control receivers for operation tests. If the selectivity 
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of the units under investigation is very high, or if the natural 
frequency lies in the low-frequency range, it is not possible 
to trace the frequency characteristic on the screen of the tube 
without flicker. Indeed, it is necessary to reduce the frequency 
change per unit time. Fig. 323 shows the response curve of a 
condenser network obtained with slow frequency traverse 
(measurement by Kammerloher). 

(d) Examination of Valves. The most important features 
of thermionic valves—slo])e, amplification factor, internal impe¬ 
dance, saturation current, and finally the position and extent 
of linearity—are obtained from their characteristic curves. 
The fundamental advantages of tracing characteristics by 

means of the cathode-ray 
tube, as well as the circuits 
used in the solution of the 
problem, have been dis¬ 
cussed in detail (Chapter 
II, page 289 et seq). It 
will be sufficient, therefore, 
to mention merely addi¬ 
tional points which occur in 
the practical examination 
of valves. 

The appearance of the characteristic and the addition of 
co-ordinate scales across it do not alone enable an opinion to be 
formed about the properties of the valve. In fact, it is still 
necessary to calibrate both scales. Fig. 324 shows a simple 
circuit arrangement which enables the ordinate and abscissae 
scales to be obtained quickly and distinctly. Here, again, the 
general principle of characteristic tracing is employed. The 
voltage of the generator is applied to tlie horizontal plates and 
the anode currents, due to this voltage, produce a drop in 
potential across the resistance which is applied to the vertical 
plates of the cathode-ray tube. In order that the characteristic 
may be correctly evaluated over the whole of its length, it is 
desirable for it not only to be of sufficient size, but also its 
central linear portion shall be neither too steep nor too flat. 
The best condition is obtained when the linear part of the 
curve is inclined at about 40° to the abscissa axis. In order that 
the characteristic shall take up the position referred to on the 
screen, it is necessary for the voltages in the various parts of 
the circuit to be suitably chosen. First of all, the voltage of 



Fig. 324. Circuit Embodying the 
Essentials Required for Tracing 
Characteristics 
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the source must be such that the abscissa occupies approxi¬ 
mately half the diameter of the fluorescent screen. Then the 
voltage divider in question should tap off a portion of the 
generator voltage so that the characteristic of the valve is fully 
extended from the starting point up to the saturation point. 
The resistance of the voltage divider should be kept sufficiently 
low to prevent grid current, which exists at the instant when 
the grid is positive, from causing any appreciable voltage drop 
across this resistance. If the generator has a sine wave voltage 
—this can be checked immediately with the help of a moving 
mirror—the effe(*tive voltage on the grid of the valve can be 
determined by the aid of a simple alternating current volt¬ 
meter, and in this way the abscissa scale can at any time be 
ascertained. The length of ordinate necessary for the best 
position of the characteristic is more difficult to secure. The 
anode resistance 7^, as previously stated, must be smaU com- 
])ared with the internal resistance of the valve. Nevertheless, 
in order that the voltage drop (one-tenth the anode voltage 
used) may give sufficient ordinate length, the deflection sensi¬ 
tivity in this direction must be considerable. The pair of 
ordinate plates must be very long and narrow. Further, low 
electron velocities in tlie cathode-ray tube should be used. If 
the required length of ordinate is not obtained in spite of these 
precautions, a single stage of direct-coupled amplification should 
l)e used at this })oint. The ordinate scale can also be varied 
within wide limits by adjusting the anode resistance Rq, 
(Calibration of the ordinate scale is most easily carried out by 
either a direct current of know n value fed through or by an 
alternating current of known magnitude. The latter method 
of calibration is used in the circuit discussed. To calibrate this 
circuit, it is only necessary to switch over from M to E. By 
adjusting the resistance 7?^ it is easy to control the length of 
ordinate, which has been determined by the anode current of 
the valve. 

The various methods of regulation discussed are necessary 
if a satisfactory comparison of valves having varied per¬ 
formance is to be made with one and the same testing circuit. 
The characteristics of various types of valves do not always 
show such close agreement as the example of Fig. 325. It 
is necessary, therefore, to be able to alter the range of 
measurement of the circuit whenever a new type of valve 
is inserted. A very different state of affairs exists when the 
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characteristics of the same type of valve are to be observed 
with the same equipment as, for example, for the purpose of 
checking manufacture. In such cases, it is simpler to dispense 
with the ordinate calibration and judge the valve by comparison 
with a normal one. Simple circuit arrangements for making 
the characteristics of two different valves visible at the same 
time have already been instanced and discussed above (Chapter 
II, Figs. 301-303). Fig. 326 shows the outlines of two different 
valves in the characteristic comparator. 

The magnitude and direction of the grid current for various 


i 



Fig. 325. Characteristics of Fig. 326. Ci^rves of Two Valves 

Various Types of Valves in the Characteristic Comparator 

values of grid voltage can be read off directly from the fluores¬ 
cent screen. To do this, it is necessary to connect a high 
resistance (about 5-10.10® ohms) in the grid lead of the valve 
under examination, the resistance being normally short- 
circuited, The voltage drop produced across this resistance 
by the grid current produces a corresponding alteration in 
the anode current characteristic, which is clearly visible if 
the short-circuiting contact for this resistance is quickly 
depressed. Fig. 327 shows an outside view of an equipment 
for measuring characteristic curves which includes the circuit 
whose principles have been discussed (Fig. 324). Besides the 
instruments necessary for calibration, the equipment contains 
other instruments for the adjustment of the heating circuits, 
and has been developed entirely for mains operation. When 
operated from the mains, care must be taken to see that all 
voltages of the equipment are independent of the mains voltage 



Fig. 327. Front View of an Equipment for Tracing the 
Characteristics of all Types of Valves 



Fig. 328 . Inside View of the Chabacteristic Tracing Equipment 
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and of changes of load which are caused by the valve itself in 
the course of its investigation. Fig. 328 is a photograph of the 
interior of an equipment for tracing characteristics, and con¬ 
stitutes an instructive example of compact mounting of valves 
and other components of such a circuit. If correctly orientated 
and placed as far away as possible from the mains transformers, 
disturbance of the ray is avoided. 

Ability to trace the dynamic characteristic taken under 
working conditions is a special merit of the cathode-ray tube. 
Furthermore, distortion of the characteristic caused by reaction 
of the anode current on other parts of the circuit does not 



Fig. 329. Charactekistk s oi a Modi laiinc, Valvl 

occur. Tracing the dynamic characteristic is jjarticularly useful 
for finding the value of the saturation current of the valve, 
the emissive properties of which are completely altered by 
the superimposition of high anode {*urrents on the heating 
circuit. 

Dynamic characteristics can be traced over the whole 
frequency range w^hich is covered during ojieration. The 
investigation of dynamic characteristics is of particular 
importance if capacitance, inductance, or even reactances in 
which both these components occur, are included in the grid 
or anode circuit of the valve. Fig. 329 shows a typical example 
of dynamic characteristics with a reactance consisting of 
resistance and capacitance in the grid circuit of the valve. This 
shows the relation between anode current and grid voltage for 
a valve having an external control electrode, which relation 
cannot be found from static measurements. In spite of a pure 
ohmic resistance in the anode circuit, the various characteristics 
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show a phase displacement between alternating grid voltage 
and anode current which originates through the capacitance 
between the negative charge on the inside of the bulb—the 
so-called wall charge—and the control electrode, the impedance 
of which at a supply frequency of 50 cycles is no longer small 
compared with the ohmic resistance in the circuit. As the ohmic 
resistance in this case has the high value of 12-10^ ohms the 
above mentioned capacitance could be determined easily from 
the photograph, its value being 0-8 ////F. in this case. With 
externally controlled valves, the wall-charge effects, which 
otherwise can be scarcely traced, cannot be estimated quanti¬ 
tatively until the dynamic characteristics are investigated. 

Of course, the tracing of characteristics is not limited to 
the cases where the anode current is recorded as a function 
of the grid voltage; the anode current as a function of the 
anode voltage or as a function of the potential of any auxihary 
electrode which may be present can be recorded. In more 
complicated circuits the apparent capacitance and resistance 
due to the anode-grid capacitance can be shown under working 
conditions. Furthermore, characteristics of oscillatory circuits, 
those which show the magnitude of the first and second differ¬ 
ential coefficients of the anode current characteristic, and other 
curves in similar arrangements, can be ])roduced in a relatively 
sim])le way. The tracing of characteristics of discharge tubes 
is j)articularly im})ortant, since these can be traced without 
error and under working conditions, showing the influence of 
static wall charges and other effects. 

The examination of grid-controlled gas-discharge tubes, as 
well as the investigation of the striking mechanism of gas 
discharge tubes in particular, are further problems for the 
cathode-ray tube. 

Very instructive investigations have been carried out with 
the cathode-ray tube in tracing oscillograms of the loads which 
are i)resent under working conditions in high-vacuum, and 
more particularly gas-filled rectifier valves. A number of 
other i)ro})erties of valves can be clarified quantitatively by 
means of oscillographic methods. For example, it is possible 
by the aid of the cathode-ray tube, and a calibrated pre-stage 
amplifier, to ascertain the disturbance due to microphony, 
a.c. heating of the valve cathode, and finally the Schrot effect, 
and to estimate their relative importance with reference to the 
modulation range of the output stage. 
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(e) Examination of Amplifiers. To obtain the charac¬ 
teristics of an amplifier, a knowledge of the degree of amplifica¬ 
tion at various frequencies over the range it is used is of the 
greatest importance. If the degree of amplification is deter¬ 
mined at one frequency or at a number of frequencies, i.e. point 
by point, the usual circuit arrangement can be employed and 
the cathode-ray tube is preferably used as a voltage measuring 
device. It has considerable advantages over ordinary volt¬ 
meters (electrometers, valve voltmeters, etc.), particularly if 
the circuit is one in which the amplitude of the voltage is 
sufficient for direct deflection. The observation of the distribu¬ 
tion of light on the fluorescent screen or consideration of the 
shape of the curve with the help of electrical or mechanical time 
deflection, makes it possible at the outset to determine whether 
the voltage being measured is sinusoidal. The errors in 
measurement due to harmonics are consequently removed by 
using the cathode-ray tube as a voltmeter. Compared with 
the electrometer, the cathode-ray tube as a potential measuring 
device has the advantage of being easily inspected and, as 
compared with the valve voltmeter, freedom from inertia in 
indication and ease of calibration. The particular advantage 
of the oscillograph voltmeter in calibration of amplifiers lies 
in the fact that spurious disturbances are easily recognized and 
separated from the voltages being measured. If it is only 
required to determine the maximum amplification, the ballistic 
method with the cathode-ray tube, already described (Chapter 
II, page 191 is very simple to construct and use. 

The way in which the frequency affects the degree of amplifi¬ 
cation can be made visible on the screen of the tube in oscillatory 
circuits, as well as transformer stages by the method ])reviously 
described in Chapter II, page 288 et ,seq. To secure correct 
measurements, care must be taken to see that the source of 
l.f. vibrations or h.f. transmitter supplies the same amplitude 
to the amplifier input circuit at all frequencies over the range 
covered (if necessary, by a voltage divider). 

Another important curve of an amplifier is the amplitude 
characteristic. The relation between degree of amplification 
and amplitude can be traced in several ways by the cathode-ray 
tube. As a rule, it is sufficient to determine the relation for 
the frequency at which maximum amplification occurs. The 
most convenient method consists in injecting in the amplifier 
input circuit a voltage of constant frequency but periodically 
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varying amplitude. The maximum amplitude and its degree of 
modulation should be selected so that during one modulation 
period the entire range involved is covered. The greater the 
difference between the voltage frequency and the frequency of 
modulation, the more points on the amplitude characteristic 
will be indicated. 

Measurement of amplification under working conditions is 
carried out in such a way that, for example, the fluctuating 
input voltage is applied to one set of deflection plates, and the 
amplifier output voltage is applied to a perpendicular set of 
plates. With suitable phase adjustment, a fluorescent stroke is 
produced, which traverses the origin of co-ordinates and whose 
inclination to the abscissa provides a scale for the degree of 






Fig. 330. Osc illogram of Two Sipekimposed Sine Wave Voltages 
OF Different Amplitldes and Frequencies 

amplification. As soon as the linear relation between input and 
output alternating voltage no longer obtains, the characteristic 
recorded shows portions of lower slope. 

A further method used by the author to show the effect of 

ami) litude variation in aperiodic amplifiers, transformers, and 
otlier components \\here the effect of frequency v’^ariation 
is less marked and the output limited consists in using a 
symmetrical saw-tooth oscillation, i.e. whose rise and fall 
is linear and occurs with the same + or — slope. If such 
oscillations with linear traverse are present at the input side 
of the unit whose amplitude characteristic is being measured, 
the oscillogram of the output voltage will show the charac- 
teristie amplitude curve directly instead of the original linear 
traverse over the range of measurement determined by the 

amj) litude of the oscillation. Such saw-tooth oscillations are 
easily produced with the devices discussed previously (Chapter 
II, })age 260 et seq.) if the charging and discharging circuits 
are suitably designed. The required symmetry and linearity 
persist if the charging and discharging currents always retain 
the same value. 
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The oscillographic process last mentioned for determining 
amplitude variation can be varied by superimposing a second 
voltage of considerably higher frequency, and much smaller 
but constant amplitude, on the voltage to be measured. The 
reduction in slope of the resulting characteristic of the whole 
amplifier can be very easily found from the reduction in 
amplitude of the superimposed voltage. The method has the 
advantage of not being confined to one particular shape of 
curve in the measured voltage. Fig. 330 shows an oscillogram 
of two superimposed sine wave voltages where amplitude and 
frequency are suitably chosen for the investigation of amplitude 
variation. The distortion of the outline of such a curve as a 
result of variation in amplitude is shown in Fig. 331. The 


Fig. 331. Superimposed Sine Wave Voltages of Differejnt 
Amplitudes and Frequencies Distorted by Over-modulation 

negative half-cycle of the fundamental covers a range 
where the degree of amplification is very much reduced. The 
result is that the small superimposed voltage in this region 
almost disappears. Although the methods for amplitude 
measurement so far mentioned furnish fairly accurate results, 
even if the resulting amphtude curve is of a complex character 
due to several sources of distortion, the following extremely 
simple method is used, and provides information about the 
modulation range if this is limited in any way. 

In most cases, amplitude restrictions result from the limited 
modulation range of its last stage. In practice, this range is 
generally limited by the existence of grid current and by the 
upper as well as the lower bend of the curve. 

If voltage swings exceed these extremes, severe distortion 
occurs as shown upon the oscillogram. The distance between 
the upper and lower limit is a measure of the load which the 
amplifier can deal with. The oscillogram of a low-frequency 
oscillation, the amplitude of which is over modulated during 
the greater part of the time, is shown in Fig. 332. It can 
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be seen from tliis illustration that the oscillation amplitude 
is sbarply limited by tbe upper and lower limit of the modula¬ 
tion. Fig. 333 shows as a comparison the oscillogram of an 



Fig 332 Oscillogram of an L F Oscillation Distorted 
B\ Over modclation 


undistorted low-frequency oscillation. The oscillographic con¬ 
trol of the modulation in amplifiers, Kerr cells, glow lamps, 
gramophone disc recorders is among the most important of 


V 


Fig 333 Oscilloc.ram of an Fndistorted L F Oscillation 


the uses of the cathode-ray tube. The operating range is 
usually shown by markings on the screen of the tube. As 


soon as the voltages exceed 
these positions, volume con¬ 
trols are used to reduce the 
amplitude to the Jiiaximum 
permissible value. Fre¬ 
quently, a 50-eye. voltage 
taken from the lighting 
mains is used as a time 
deflection in such measure¬ 
ments of modulation. 

In certain problems,infor¬ 
mation of the phase change 
produced by an amplifier 
at various frequencies is 
important. Particularly is 



Fig. 334 Measuring Circuit for 
Detection of Phase Displace¬ 
ment IN Cascade Amplifiers 
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this the case with respect to reaction and reactive coupKng 
in amplifiers which are used for optical and not acoustic 
reproduction, and with amplifiers used in conjunction with 
cathode-ray tubes in measuring equipment. A simple cir¬ 
cuit arrangement for determining phase changes in cascade 
amplifiers is shown in Fig. 334. Exactly as in the case of the 
arrangement mentioned on p. 382, the input and output volt¬ 
ages are applied to both pairs of plates of the cathode-ray tube. 
The capacitive voltage divider shown, which has no effect on 
the phase relation, allows the input voltage to be adjusted 
so that the output a.c. amplitude reaches the amplitude of the 
generator voltage. 

The result of phase measurement in a h.f. dual valve is shown 


28 000 111. 2500 111. 230 m. 

Fig. 335. Phase Diagkam of a H.F. Amplifier 

in Fig. 335. The unit under examination shows from the fre¬ 
quency curve that its maximum amplification is reduced to one- 
half that at wavelengths of about 230 metres and about 
28 000 metres. Agreeing well with theory, the phase diagrams 
shown depict a circular sha])e at the above mentioned limiting 
wavelengths. At the frequency at which maximum amplifica¬ 
tion occurs (2 500 metres in the unit in question) a straight line 
appears, since the input and output voltages are in phase. This 
example shows the great advantage of well-designed resistance 
coupled amplifiers in which phase changes over wide frequency 
ranges near the resonance frequency are small enough to be 
ignored. 

Another field of investigation which depends to a large 
extent on the cathode-ray tube is the oscillography of the 
process of switching on amplifiers. If an imi)ulse is communi¬ 
cated to an amplifier unit it appears after a very short lapse 
of time at the output side of the amplifier. The slope of the 
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voltage rise is at the same time very considerable and depends 
on the upper frequency limit of the amplifier. With h.f. or 
television amplifiers, the rise occurs in a period of about 
to 10“* sec., i.e. in a time which corresponds nearly to the 
upper frequency limit of the amplifier. The voltage drop then 
starts comparatively slowly. The time required for the drop 
agrees with the period corresponding to the lower frequency 
limit of the amplifier. For telephony amplifiers it is of the 
order of ^ "“Too sec. Whereas the slower of these changes can 
be easily photographed in one traverse, the more rapid one 
needs to be repeated a number of times in order that such 



Fig. 336. Circuit for Measuring Time of Signal Transmission 

THROUGH AN AMPLIFIER 

a record can be obtained when using a low-voltage tube. 
Fig. 330 shows a simple arrangement for investigating the 
process of switching on, with low-voltage tubes. The principle 
of this arrangement consists of comparing the time taken for 
the transient to build up with the time constant of a fixed 
resistance-capacitance circuit, the discharge of which is respon¬ 
sible for the tra(;ing of the time axis of the cathode-ray tube, 
while the transient under examination is shown against the 
vertical axis perpendicular to it. The difficulty corfsists in 
starting the two processes at the same instant. In the circuit 
arrangement illustrated, this difficulty is overcome by con¬ 
trolling both circuits by a single switch. A battery of about 
100 volts having a low internal resistance is earthed through an 
ohmic resistance R^ which has a total resistance of 10^ ohms. 
From this divider a voltage of 10“^ to 1 volt is tapped off 
according to the sensitivity of the amplifier A to be investi¬ 
gated. The positive pole of the battery is permanently 
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connected to the measuring condenser C and the time axis pair 
of plates of the tube. When the switch 8 is open, the battery 
charges the condenser C through the resistance B, the fluores¬ 
cent spot being predeflected to one end of the time axis. As 



Fu,. 337. ViRW OF THE Arrangement for Investigation of the 
Process op Sv^itching on an Amplifier 


soon as the switch S is closed, the condenser is discharged to 
earth through the resistance in a period of time w hich is known 
exactly. At the same time, the fluorescent spot is carried 
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Fig. 338. Transient at the Moment of Switching On in a 
Folr-stac.e R.C. Amplthp.r 

to the other end of the line by a battery B^ of about 50 volts. 
Simultaneously, however, a voltage impulse reaches the 
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amplifier through the switch S. The desired range of the 
oscillation curve can be adjusted on the screen by varying 
the time constant of the time deflection system. The switch S 
which is constructed as a rotary interrupter is designed so that 
the times of opening and closing are long compared with the 
times of the events taking place in the circuit. Fig. 337 illus¬ 
trates an experimental arrangement similar to that described. 
The rotary switch is in the left background. At the rate of 
30 interru])tions per sec. and with exposures of about 5 min. 
photographs could be taken with the ordinary tube which 
enables times of ]0~® sec. to be recognized satisfactorily. Two 
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Fr(.. 339. SvMTCHiN(» Obt Trvnmknt ix a Focr-sta^je Amplifier 


typical oscillograms are reproduced in Figs. 338 and 339. 
Fig. 338 rej)iesents a transient in which the duration of the 
transfer in the amplifier B, the building-up period C\ and the 
attainment of the maximum D can be recognized. Fig. 339 
shows a transient in which the fading time of the pulse is 
relatively large, in which the rising curve of the previous illus¬ 
tration is visible only as a weakly illuminated portion A com¬ 
pared with the very much more marked portion B, which is the 
fading portion of the pulse. The oscillograms shown were 
taken from a 4-stage resistance coupled amplifier in which 
the degree of amplification at 30 eye. and 20 000 eye. has fallen 
to half its maximum value. According to their mode of forma¬ 
tion, both these oscillograms are cyclic and the very bright 
return traverse line R and the origin A had to be specially 
shaded to prevent overloading the screen. The measurements 

a6—(T.3b) 
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given here were obtained with an old type gas-filled tube. A 
modern high-vacuum tube would trace both curves with 
excellent definition. The procedure for investigating of 
switching-on processes in amphfiers has been discussed in 
detail in this chapter because, with shght alteration, it can be 
applied to investigating various processes involved in work with 
overhead lines, cables, filters, and other units. 

(r) Examination of Rectifiers. Rectifier circuits are used 
in high-frequency technique in the mains units and in the 
receiver itself for the rectification of high-frequency voltages 
fed into it. The methods of examination of the two chief 
groups of rectifiers difier considerably owing to the great 
difference of output and frequency range involved. First, we 
w ill discuss the methods for examination of rectifiers for supply 
from lighting mains. The oscillographic method used for 
investigating hot-cathode rectifier arrangements has already 
been given previously (Chax)ter III, ])age 374 et seq.) The 
oscillographic method is also to be recommended for the 
investigation of electrolytic and metal rectifiers. In view of 
the comparatively low frequency which is usually involved, 
all details of the curve, for instance, as in the case of detecting 
asymmetry in full wave rectifier circuits, the magnitude of 
reverse current, determination of current and voltage curves 
at the rectifier, can be observed when the reservoir condensers, 
rectifier load, and voltages at the rectifier, are given different 
values. As has recently been shown,however, it is scarcely 
possible with loop oscillographs to j)roduoe a curve whose 
outhne is entirely free from distortion even with the rectification 
of 50 eye. or 100 eye. a.c. The examination of fluctuating d.c. 
produced by rectification will be discussed in detail later in 
Chapter III, yjage 366 et seq. In combination with suitable 
voltage dividers (Chapter II, page 211 et seq.) it is possible 
to examine with a low-voltage tube the current and voltage 
curves at the rectifier portion of the equipment. 

The oscillographic method is also suitable for rectifiers used 
wdth receivers in which the primary object is to estimate the 
nature and magnitude of the distortion in the rectifier, and to 
ascertain the sensitivity of the arrangement. Clear information 
can be obtained from the deviation of the curve outline which 
can be observed from the resulting low frequency compared 
with the low frequency which modulates the high frequency. 
These data, however, unfortunately are valid only for one set 



EQUIPMENT FOR MAKING MEASUREMENTS 389 

of conditions, i.e. for the particular receiver and rectifier used 
and for the high-frequency amplitude involved. Even small 
changes in the h.f. amplitude are sufficient to alter the outline 
of the curve considerably. In spite of this, the oscillographic 
method has its uses even in the examination of receiver rectifier 
combinations. Only the oscillogram of the low frequency in 
the anode circuit of the rectifier, or from the output of a 
subsequent amplifier, uill show whether the high-frequency 
components have been sufficiently removed. The proportion 
of h.f. which produces distortion and characteristic reaction 
disturbances, makes itself apparent in the oscillogram through 
a thickening of the outline of the voltage tracing. The sym¬ 
metrical time discharge circuit discussed in the last section 
can be used for the investigation of rectifier units which 
are independent of frequency. If the internal resistance of 
the source of the time discharges is small compared w’ith 
the minimum input resistance of the rectifier unit, then the 
oscillogram of the output voltage will show directly the resis¬ 
tance characteristic of the rectifier. The process described 
below is more suitable for the examination of receiver rectifiers, 
and takes into consideration the effect of all frequencies. In 
order to obtain data which, as far as possible, are characteristic 
of the rectifier, it is advisable to use a method which discloses 
the complete characteristics of the unit. That characteristic 
which shows how rectification depends on applied voltage gives* 
comprehensive information about the rectifier. In all cases 
the rectifier characteristics have a square form at their lowest 
portion. A linear portion generally starts above 0-5-1 volt 
with a.c. In many cases the characteristic bends back in its 
upper poition. When the rectifier characteristic is known, the 
most favourable h.f. voltage should be taken from the linear 
portion, and also the highest degree of modulation permissible 
at this h.f. voltage. If the l.f. amplifier is adjusted to the 
optimum h.f. voltage of the receiver-rectifier unit, then aU 
stages of the receiver are pro})erly designed. 

In most cases the dynamic method of curve tracing with 
cathode-ray tube is the only one which supplies data corre¬ 
sponding to the a(‘tual working conditions. Static methods 
often give incorrect values, as they do not take into considera¬ 
tion the effect of variation in frequency. Even the dynamic 
method of tracing rectifier characteristics with alternating 
voltages and valve voltmeters seldom give data free from 
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errors, as the valve voltmeters show considerable error due to 
the distorted voltages which invariably occur. A circuit for 
tracing rectifier characteristics^^^^ with the cathode-ray tube is 



Fig. 340. Circuit for Mak1x\(3 Visible the C'karacteristics of 
Receiver J)etectors 


shown in Fig. 340. An essential condition involved in this 
method is that the h.f. input voltage must suing sufficiently 
rapidly between zero and its maximum value. Such a h.f. 



Fig. 341. Oscillogram of a H.F. ().scill4tio\ Very Strongly 
Modvlated for the Purpose of Riioto(.rai’iiing 
THE Characteristic 

voltage can be very easily produced by modulating a transmitter 
to such an extent that the amplitude of oscillation periodically 
falls to zero. This can be secured by anode voltage modulation 
of a small measuring transmitter with the assistance of an 
efficient audio-frequency generator power amplifier combina¬ 
tion. The oscillogram of a strongly modulated h.f. voltage 
obtained in this way is reproduced in Fig. 341. The prin¬ 
ciple of the method consists in applying the modulated high 
frequency to the horizontal plates of the cathode-ray tube 
and the low frequency after rectification to the pair of plates 
at right angles. The shape of the curve of the modulated l.f. 
oscillation is not of any great importance. It only alters the 
distribution of brightness on the resulting image. As the h.f. 
and l.f. voltages are linked together in conformity with the 
laws of rectification, the latter must appear in the circuit 
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discussed as a fringe to an illuminated surface. If a low 
frequency of more than 30 eye. serves as a modulating fre¬ 
quency, then the figure will appear as a stationary luminouB 



Flfr. .‘i42. ThK HeC’TIFIKU (DeIKCTOK) CHAR4rTKRlSTlC AS THE 
KiX.E ()!• A 1^1 MIN(.)l S 8l HFA( K 

one. Distortions which occur during the operation of the 
rectifier can only be avoided as long as there is a linear relation 
between rectification and h.f. voltage. As 
an exam])le, a particularly bad rectifier 
characteristic obtained in the manner dis- 
(*ussed, is illustrated in Fig. 342. Only com¬ 
paratively short f)ortions of this char¬ 
acteristic can be regarded as approximately 
linear. The highest permissible degree of 
modulation which is possible without dis¬ 
tortion can be read off the characteristic 
figure. Fig. 343 shows how it is possible 
to do this. Let the high frequency be indi¬ 
cated by the amplitude A^. Tlien, accord¬ 
ing to the construction of Fig. 343, let a 
perpendicular from the point B, where the 
curved and linear portions of the rectifier 
characteristic meet, fall on to the ordinate. 

The amplitude A corresponding to the 
length of this perpendicular makes it pos- Fui. 343. Dbtermin- 
sible to determine the maximum degree Degree 

of modulation which is A = (A^— A)IA^, the Detector Char- 
Therefore, in the most favourable case acteristio which 
(power detection), shown by this construe- 
tion, the maximum degree of modulation ficatiok 





Fio. 344 Grid and Anode Vodtaoe Ci rves under Varied Voltage 
Conditions (Valve RE604) 

(J! <)t voltuj?(‘ foi (oimt i>oint of opornlion uithoul pxrossjvr modulHlioii 

H ^ low (diBtortion (.auMul by grid current) 

5?! voltage when tnas is too great 

(4) Outline of voltage when ovei'inodulated 



EQUIPMENT FOR MAKING MEASUREMENTS 393 

amounts to about 60 per cent. In the rectifier characteristic of 
Pig. 342, the maximum permissible degree of modulation is, 
liowever, only about 20 per cent. Rectifier curves which follow 
more complicated laws can be ascertained with the arrange¬ 
ment described in receivers in which the receiver rectifier acts 
in an unusual manner as an anode, as well as a low-frequency 
rectifier. By superimposing the opposed rectifier effects, char¬ 
acteristics are produced which show low sensitivity and permit 
of low modulation. 

(g) Examination of Output Stages. Earlier in the 
present cha])ter tlie trac ing of oscillograms of amplifier output 
alternating voltages was recommended in order to record 
the effect of overloading. This practice is particularly applic¬ 
able to the investigation of output stages, where the voltage 
am])litude reaches the highest values in the anode as well 
as in the grid circuit. (Jrid and anode voltage curves of an 
output stage (valve KE6G4) are shown in Fig. 344 (measure¬ 
ments by Kammerloher) under varied voltage conditions. 
A well-sha])ed curve has been obtained only in the top illustra¬ 
tion by a c'orrect jjosition of the ojierating j)oint and absence 
of excessive modulation. The next oscillogram illustrated shows 
the distortion of anode and grid voltages which takes place 
when there is insufficient negative grid bias; these are due to 
the sudden establishment of grid current. Distortion of the 
anode voltage curve A\hich occurs as a consequenc-e of too high 
a negative bias is shown in the next oscillogram, while the 
lowest one indicates the outline of both voltage curves with 
overloading. Here, the various types of distortion previously 
mentioned are superimjiosed on one another. If measurements 
such as those {)rcviously described are made on a circuit whose 
subsecjuent voltage and current performance can be controlled, 
and the resistance of the anode circuit behaves as a loudspeaker, 
the maximum permissible output of the last stages can be deter¬ 
mined. Fig. 345 shows a circuit used by Kammerloher^^^^ for this 
purpose. Measurement of voltage is made either in two different 
cathode-ray tubes or in one and the same tube, the ordinate 
plates of which can be switched over from the anode to the 
grid (urcuit as desired. The curves sliown in Fig. 344 were 
obtained with this circuit, and a type RE604 valve. In this 
the sinusoidal voltage of an audio-frequency generator is 
a})plied to the terminals, I, 2, at the voltage divider S, of which 
the resistance of the portion in the circuit must be of the 
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same magnitude as the value which is usual for grid leaks of 
output stages. The a.c. grid voltage Vg is measured either by 
means of a voltmeter or by the cathode-ray tube itself. This 
also applies to voltage measurements in the anode circuit. A.c. 
measurements in the anode circuit are made at the resistance 
R^, which is only about 10 ohms and can be disregarded as 
introducing any disturbance. The anode a.c. resistance consists 
of a choke, the inductive effect of which is entirely shorted by 



Fia. .345. Circuit for Estimatusto Output at tiik Finau Stages 


the ohmic resistance R^ at the frequency of measurement. In 
the measurement of single grid valves the connexions to screen 
and suppressor grids are dispensed with. The anode a.(*. output 
can always be calculated from the measurements of the anode 
alternating voltage and current. The corresponding values at 
the most favourable operating point before distortion sets in 
gives the maximum output for the valve in question, and for the 
conditions of voltage and anode resistance existing at the time. 

For different investigations of output stages it is useful to 
make dynamic operating characteristics visible. The portrayal 
of the characteristics can be made with the same circuit arrange¬ 
ments as have already been discussed in earlier chapters 
(Chapter II, page 287 et seq., and Chapter III, j)age 374 etseq,). 
In such cases the tracing of the characteristic is i)articularly easy 
since in examination of the last stages a.c. voltages of ample 
magnitude are available, and the use of auxiliary amplifiers is 
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quite unnecessary. It is usual to trace the operating charac¬ 
teristic with a sinusoidal voltage. The characteristic which 
then results is the dynamic one for the particular jfrequency 
of the sine wave voltage. An interesting variation consists 
in tracing the operating characteristic directly by l.f. voltages 
with the complicated outline which occur in practice, instead 
of using sinusoidal voltages. The fluorescent image which 
is produced sliows the intermixed operating characteristics 
running into one another, their position, shape and magnitude 
depending on the amplitude, fre¬ 
quency and components of the 
l.f. oscillation. The brightness 
distribution of a group of curves 
obtained in this manner furnishes 
a statistical survey of the actual 
demands made on tlie last stages 
during working conditions. If 
the last stage is overloaded, very 
shar])ly-defined limits of the illu¬ 
minated surface will show the 
position where grid current starts. 

Valuable data for the investi¬ 
gation of output stages in com¬ 
bination with loudspeakers can be 
obtained by j)hotograj)hing trac¬ 
ings with sinusoidal voltages of 
o})erating characteristics for vari¬ 
ous mechanical acoustic condi¬ 
tions of the loudspeaker. For freely suspended and fixed 
loudspeaker coils, dynamic curves of the final stage of a loud¬ 
speaker with overloading and excessive inductive loading of 
tlie anode circuit are given in Fig. 34G. 

(h) Measurements on Loudspeakers. From the changes 
which can be observed in the operating characteristics of out¬ 
put stages when a loudspeaker membrane is coupled to the 
oscillating system of the speaker, when the loudspeaker is 
placed in a room under increased or reduced air pressure, 
when funnels or acoustic screens are used or varied when 
moving parts are made fixed in position, when the restor¬ 
ing forces are altered, and when the mechanical transmis¬ 
sion links are varied, the most important values of the 
arrangement constituting the electrical substitution of the 


Fig. 346. Curve of the Loud¬ 
speaker Outfit Stage inder 
Working Conditions with 
Freely Suspended and Fixed 
Coils 
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loudspeaker can be determined. The effect of the changes 
indicated are even more clearly expressed by the voltage/ 
current characteristic of a loudspeaker. This characteristic 
can be obtained quite simply when using an output valve 
of low im})edance, by applying the voltage to the horizontal 
plates and the current deflection in the perpendicular direc¬ 
tion. With relatively high currents, it is expedient to carry 
out the current deflection magnetically. A characteristic 
obtained in this way is shown in Fig. 347. The loudspeaker 
should be considered as an ohmic resistance only over a narrow 



Fig. 347. CniuENT -voltage Chauactejiistic of a Folk-folk 
Magnetic Loldsi'kakeh (Fkeqlency 100 (hcLcs with 
Excessive Distortion) 

frequency range in the vicinity of its })oint of electrical reso¬ 
nance (1000-2 000 eye. with the usual type of magnetie 
speaker). In order to obtain an open curve instead of an ellij)tic 
characteristic, even in other frequency ranges, it is necessary to 
compensate the phase displacement of current and voltage by 
means of a phase-shifting device. Fig. 347 shows on the left, 
the characteristic without, and on the right, with tlie jihase 
shifting device. The non-linear nature of the characteristic is 
well defined in the illustration. In these measurements, a four- 
jiole magnet loudspeaker was used at a freciuenciy of 100 eye. 
which is comparatively low for a speaker of tliis type. The 
change in the characteristic in respect of the factors mentioned 
above is particularly instructive for variation of frequency. Of 
course, the phase displacer must be readjusted to the frequency 
each time. In addition, the method described takes account 
of the effect of parallel capacitances and varied ratios of turns 
from the output transformer. 

A problem involving measurement which arises frequently 
is the estimation of the acoustic output of the loudspeaker in 
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relation to frequency when the alternating grid voltage at the 
final stage is constant. For all cases where only comparative 
measurements are required, it is sufficient to place opi)Osite 
the loudspeaker a microphone with a flat frequency response 
with an attendant amplifier, and to determine the way in which 
the output voltage of the amplifier varies with the frequency. 
The simple arrangement in question is shown in Fig. »348. 
Here an amplifier serves as an audio-frec|uency generator and 
the input voltage of this is su])plied by a frequency record (see 
next section) through a pick-up which, if possible, should have 
a response characteristic wdiich is hide])endent of frequency. 
By using a variable frequency standard, the freciuency may 













Fig. 349 


Recordki) Freqiinc\ r\ l op \n Old Tvtp. of 
D\ NAMK Loi DSPI AkER 


be altered from the highest to the lowest pitch. Frequency 
change relative to time is so an*anged with most disc records 
that the same space of time is required for a frequency range 
covering one decade, so that recording takes ])lace uniformly 
and the abscissa scale is automatically divided logarithmically 
on the sound receiver side. The recording of the voltages on 
the output side of the receiver can be best carried out wdth 
the aid of a cathode-ray tube and a recording device (C^ha])ter 
II, page 328). 

The substitution of a cathode-ray tube for a recording 
instrument has the advantage that by reason of the linear time 
scale, a greater amplitude interval is recorded and en’ors due 
to harmonics are absent. Fig. 349 show\s a recording of an older 
form of dynamic loudspeaker obtained with this simjile arrange¬ 
ment. If the loudspeaker and microphone face each other in 
the open or in a room from which echo effects are removed 
by a special covering on the w^alls, i.e. if no form of stationary 
waves can be produced, then the recording has the added 
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advantage that non-linear distortions are clearly shown, and 
can be recognized from the outline. By varying the shape 
of the curve at the various frequencies by means of time 
deflections, amplitude distortions are immediately visible and 
are not complicated by echoes. If it is intended to investi¬ 
gate the outline of the sound vibrations produced relative to 
frequency, then it is necessary to see that the voltages applied 
to the last stage have sinusoidal out¬ 
lines and that overloading of the 
output stage itself does not take place. 

The audio-frequency generator shown 
in Fig. 348 is replaced by an audio- Y 

frequency oscillator with low coeffi¬ 
cient of non-linear distortion. 

Agreat deal has already been written y,,, 350 . shape op Speciai. 
concerning audio-frequency oscillators. Condenser Plate 

If automatic recording is required 
when an audio-frequency generator is used, efforts should 
be made to secure a logarithmically divided frequency scale. 
This can be accomplished if a particular shape, depending 
on the conditions of the case, is given to the condenser 
controlling the frequencies of the oscillator. The shape 
of the frequency condenser which was calculated for an 




Fio. 3r)l. Low-frequency Condenser with Trimmer and Coupling 

Arrangement 

Tonkondcnsator low froqueiu y coiidonw'r. Roibuntcskupiilung - friction coupling. 
Korrektlonaplatte »- trimmer. Sclmltkontakt =* switch contact. 
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audio-frequency interference generator, described in detail 
elsewhere^^^^ and which is approximately suitable for ordinary 
generators of this type, the design of which is subject to 
some variation, is illustrated in Fig. 350. On account of edge 
effects which in theory are difficult to estimate, an accurate 
frequency curve will only result when a small condenser or 
trimmer is connected in parallel with the main condenser 
which has the required plate shape. Fig. 351 illustrates the 



Fiq. 352. Side View of Low-fheqi ency Condenser Unit 

tone (omlensti 

hluss (los H(‘ulk<nHleii'^atoi (onii((tH»ii t(» the t<»ne torul(*ns« i 

Touieni<«ler Wnhistuml i(»t.ii\ .nljustiim resistant ( 

construction of the frequency condenser. The trimmer is 
visible on the right-hand side. An arrangement of contacts 
enables the audio-frequency signal to be interrupted for a 
short period in order to obtain a frequency scale on the 
record. After the friction couj)ling is brought into action, the 
rotary condenser is made to turn round slowly, being driven by 
a motor. The time taken to cover the frequency range of 
50-12 000 syc. is normally 4 min., so that well-defined reso¬ 
nance points are quite sharply outlined. Fig. 352 shows a side 
view of the frequency condenser with drive and coujding 
arrangements. For recording frequency characteristics with 
definite resonance points the accessory equipment for providing 
slow change of frequency automatically in the audible range 
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is of the greatest importance. For instance, by its use the 
pronounced effect of frequency on loudspeaker movements 
with the membrane removed can be thoroughly investigated. 
The amplitude of vibration at various parts of the driving 
system can be determined very easily by the capacitive 
method above, without the dynamic conditions of the system 
being in any way altered. 

As at the same time, the outUne of the amplitude is followed 
by the cathode-ray tube, the causes of loudspeaker distortion 
can be picked out. 

The cathode-ray tube as a non-integrating system is scarcely 


suitable for measurement of the 
coefficient, of non-linear distor¬ 
tion, i.e. the estimation of the 
effective value of the sum of 
the harmonics to the effective 
value of the fundamental. On 
the other hand, by its use, the 
amplitude coefficient which is the 
relation of the highest occurring 
amplitude of all the upper har¬ 
monics to the amplitude of the 



Fig. 3t>3. Circlit for Meascrino 
THE Valve of the Coefficient 
OF Non-linear Distortion 


fundamental can be measured 


satisfactorily. Fig. 353 shows an arrangement for making such 
measurements. The distorted sinusoidal voltage to be investi¬ 
gated comes directly to one pair of plates, and to the other 
pair the signal is fed through the amplifier-oscillatory circuit 
combination. The coupling between the resonant circuit and 
the amplifier is loose so that the oscillatory circuit shows but 
slight damping. It is tuned to the fundamental oscillation of 
the voltage under investigation. The degree of amplification 
should be adjusted so that the fundamental and the distorted 
voltage have the same amplitudes. A straight line will then 
appear inclined to the abscissa axis at an angle of 45° if the 
voltage measured is free from disturbance. If the measured 
voltage contains harmonics, then displacements in the direction 
of the ordinates will appear and the magnitude of the co¬ 
efficient of non-linear distortion can be read off from the relative 


values of the amplitudes of the harmonic and fundamental. 

If the whole of the acoustic output of a loudspeaker is to be 
measured in relation to its frequency characteristic, it is best 
to use E. Meyer’s method.It will be necessary to have a 
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reverberation chamber, the echo period of which is exactly 
known at various frequencies, and a source of slightly fluctua¬ 
ting audio-frequency, so that the effect of stationary waves 
in the room may be eliminated. A method for determination 
of the echo times in rooms is given in the chapter on the use 
of the cathode-ray tube in acoustics. The periodic frequency 
variation is obtained most simply by connecting in parallel 
with the audio-frequency generator condenser an additional 
and smaller rotary (*ondenser, one of whose sets of plates is 



Fig. 354. The Cathode-ray Tube as av Intermittent Light Source 
FOB Stroboscopic^ Investk,viton oi Membrane Osc’illations 

connected to the axis of the driving motor, and passes the 
opposite plates at a rate of about 10 times per sec. This con¬ 
denser, which in view of the characteristic frequency change it 
produces, is termed a warble-tove condev,ser, can be recognized 
in the left foreground of the side view in Fig. 352. 

An interesting application of the cathode-ray tube in loud¬ 
speaker investigations, but one which is limited to tubes with 
powerful beams, consists in employing the tube as an inter¬ 
mittent light source for stroboscopic investigation of vibrating 
membranes and movements of a similar kind.<^^^ In order that 
the stroboscopic image may be sharply defined, the illumination 
must persist only for a fraction of the time of one period. 
An experimental apparatus for use as an intermittent light 
source is illustrated in Fig. 364. 
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Two voltages of equal amplitude but differing in phase by 
90° are supplied by an audio-frequency generator which also 
drives the loudspeaker under test, so that a circular figure 
appears on the screen of the cathode-ray tube. The ray output 
should be adjusted to be as large as possible, likewise the 
amplitudes of the deflecting voltages so that the circular figure 
covers as large an area as possible, and that the fluorescence 
during operation will not be reduced by saturation phenomena. 
The resulting circular figure is masked and only a small sector 
of about 5°-10° remains open to allow the passage of light 
for illumination. If the after-glow of the screen is less than 
10 “^ sec., then the requirements for carrying out strobo¬ 
scopic investigations over the whole range of l.f. oscillations 
are fulfilled. The phase of the illuminated portion can be 
adjusted as desired by turning the sector round. Perfect 
synchronism between illumination and the oscillatory motion 
is obtained by means of the drive from the common generator. 
Further, with the assistance of neon lamp time discharge 
circuits, previously discussed, it is easy to obtain intermittent 
light sources which are easily synchronized. In this case, 
either the luminous phenomena which are caused by the short 
time discharge impulse flowing through the neon lamp, or the 
discharge current itself, is employed to control luminous 
tubes or light relays. Relatively high illuminations can be 
obtained in this way if, by means of the brightness control 
electrode, a modern high-vacuum tube is made to light up 
periodically. In this connexion, sound-film recording tubes 
which have a line source of illumination may be specially 
mentioned. 

(i) Examination of I^ick-ups. In order to characterize a 
pick-up, it is necessary to know what voltages are produced 
at the various frequencies with constant or given velocity 
amplitude at the needle point. Besides the frequency curve, 
the coefficient of non-linear distortion which exists at various 
frequencies must be known in order that a final judgment may 
be made of the magnitude of the distortions which occur in 
the pick-up. A measurement which portrays the two factors 
mentioned, and so shows their effect on quality and efficiency, 
can be made by the recording method already described 
(Chapter II, page 328). Fig. 355 shows the complete circuit 
for recording pick-up characteristic curves. By operating the 
key T, a d.c. impulse of definite magnitude can be given for 

27--(T.36) 
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calibration of the ordinate scale. It is of great importance to 
the quality of the registration that the frequency record used 



Fig. 356. View ok Apparati s for Examining Pick-vps 

should be cut with a velocity amplitude which is as constant 
as possible and, as far as possible, has a sinusoidal wave form. 



Fkj. 357. Cl HVE OF A Poor Acor.sTic Pick-up having Insi fficient 

Damping 

The construction of a measuring a})paratus embodying the 
circuit of Fig. 355 is shown in Fig. 356. The turntable, which is 
driven by a synchronous motor, is arranged on the left, and on 
the right is the key for the calibration voltage and the amplifier. 
Then follows the cathode-ray tube with mains equipment and 
recording apparatus. A record of an inferior pick-up, taken 
with the apparatus described and showing insufficient damping 
of the supports, is reproduced in Fig. 357. A further record 
which shows an excessive number of harmonics over the 
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entire frequency range is shown in Fig. 358. The excessive 
production of harmonics is due to the fact that the pick-up 
is too lightly held, and therefore jum])s about in the groove. 



Fig. 358 Record showing Formation of Strong Harmonics over 
THE Whole Frequency Range (too Lightl’s Si pforied Pick-up 
Causing Jumping in the Groove) 


Fig. 359 illustrates the record of a particularly good pick-up. 
Here, the performance is practically independent of the fre¬ 
quency in the particular range 100-6 000 eye. Furthermore, 



Fig. 359 Record from a Paritcut^aria Good A( ot sttc Pick-up 


a good shape for the curve has been obtained over the whole 
of this range owing to the light suspension of the movement. 
Non-linear distortion only appears at very high frequencies, 
and needle sag is the cause. The method of recording 
described enables instructive comparisons of commercial pick¬ 
ups to be made. In addition, the method supplies precise 
information about voltage drop when the needle wears, on 
the effect of various volume controls, on the frequency 
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characteristic, on the effect of damping, and on the influence of 
the weight of the pick-up, etc. These factors have already been 
reported in an earlier work<^®’ with records obtained by the 
methods described as a basis. Besides investigation by record- 


FlU. 360. (JSCILLOGKAM OF A XoTE %MTH NeEDLE SCRATCH 
Si PERIMPOSEl) 

ing, the oscillographic method is particularly important when 
the amplitude relation between voltages due to needle scratch 
and the final modulated l.f. load is to be determined. Fig. 360 
shows an oscillogram of a periodic voltage with needle scratch 
superimposed. The amplitude of the latter in the upper curve 


025mm 



Fig. 361. Auuanc.kment for the Examination of Photocells 

WITH THE OsCILLO(4RAPH 


amounts to several per cent of the l.f. oscillation and about 
1 per cent in the lower curve. 

(k) Examination of Photo-cells and Neon Lamps. A 
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knowledge of the properties of photo-cells is of considerable 
importance especially for television work, also for sound films 
and many problems involving measurement. The use of 
oscillographic methods in the examination of photo-cells is 
limited to ascertaining their inertia and sensitivity under 
working conditions. The arrangement of Fig. 361 is very useful 
in determining both of the factors mentioned.By means of 
a slotted disc and a narrow slit, shown diagrammatically, a 
pencil of light is directed on to a photo-cell for a short interval 
of time, and this illumination is made incident suddenly on 
the cell and suddenly cut off. By using a high-speed motor 
and plates about J metre diameter, a speed of revolution of 
about 75 m. per sec. at the cut-off can be obtained. If the 
slotted disc has a width of 0*25 mm., then the rise and 
fall of the light flux occurs in ao</ooo The absolute value 
of the light passing through the slot when strong sources with 
optical focusing are used is quite large enough to produce 
ample voltage changes across a relatively small coupling resis¬ 
tance R. The inertia of the photo-cell is show n by the rounding 
off w^hich becomes visible in the oscillogram of the voltage. 
Care must, of course, be taken that inertia greater than that of 
the intermittent light source does not occur either in tlie 
photo-cell circuit or in the amplifier. This condition is easily 
met by suitably choosing the resistance R and designing the 
amplifier accordingly. The amplitude of the voltages deter¬ 
mined from the oscillogram and the degree of amplification is 
simultaneously a measure of the dynajnic* sensitivity of the 
photo-cell under the existing conditions. In view^ of the high 
tracing velocities which occur in this case, it is advisable to 
form stationary figures with the assistance of a synchronized 
time deflection. If the fluorescent screen is sufficiently free 
from after-glow% a cathode-ray tube can also be used in the 
formation of an intermittent light stream (see Chapter IV, 
])age 483), as also the arrangement recommended at the end 
of (Chapter III. But the conditions of illumination are not then 
so satisfactory, and there is difficulty in reducing the resistance 
R sufficiently without the photo-electric voltage becoming of 
the same magnitude as that due to Schrot effect. Kerr cell com¬ 
binations are sometimes used for the creation of ray)id intermit¬ 
tent light pulses. It is usual in such a case to compare the shape 
of the high or medium frequency modulating the Kerr cell with 
that at the output of the amplifier for various frequencies. 
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The cathode-ray tube is used as a measuring instrument in 
television, in addition to its use for the determination of time 
lag, principally for modulation control, for testing amplitude 
filters, for comparing signal voltage with that due to Schrot 
effect, for phase measurements, and particularly for determin¬ 
ing phase changes near the upper and lower frequency limits 
of the whole equif)ment. The cathode-ray tube is also used 
for tracing the dynamic characteristics of neon lamps in 
mechanical television receivers. A circuit for tracing the 



current-voltage characteristic of neon lamps is given in Fig. 
3()2. The neon lain]) under investigation strikes from the d.c. 
source shov n, and the value of the current f)assing continuously 
is then adjusted to a mean value by the regulating resistance. 

An alternating current is superimposed on this initial current 
through an a.c. circuit vhich is sei)arated from the d.c. circuit 
by the combination of chokes and condensers shovn. The a.c. 
of the required am])litude is taken from an oscillator su])})lying 
frequencies u|) to 100 000 eye. The voltage at the neon lamp 
which is independent of the current if the modulation is correct, 
is taken to the vertical ])air of ]>lates. The current through the 
neon lamp is taken as a voltage droj) across a small resistance 
of a few ohms and is brought u]) to the amplitude required for 
deflection by an amplifier w^hich has a perfect frequency 
response. In the voltage as well as the current-measuring 
circuit, the capacitances in circuit ensure that only the a.c. 
component is measured. In this circuit, the inertia of the neon 
lamp is shown in the dynamic characteristic by the formation 
of loops. 
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2. Examination of Complete Equipment. The characteristics 
which result from a number of single components is the deciding 
factor in forming judgment on the whole apparatus. Investiga- 



Fig. 363 . Relation between Voltage and Current in a Valve 
Oscillator 

tions on the resultant characteristics are, in h.f. technique, 
generally made with transmitters and receivers. Distinction 
should be made between cases where investigations are made on 
the equipment as a whole, and those in which measurements 
are taken at various points of the apparatus in ojieration. 
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(a) Examination of Transmitters. An important use for 
the cathode-ray tube in the examination of transmitters is the 
tracing of current and voltage curves. Oscillograms of the 
configuration of anode current and voltage and alternating 
grid voltage are of special importance for teaching purposes. 
Fig. 363 shows several records of a source of low frequency by 
Kammerloher under three different conditions of operation. 
In order to carry out similar investigations on high-frequency 
transmitters, correctly synchronized valve or thyratron dis¬ 
charge tubes are necessary to obtain stationary figures of the 


'ir'vrrfuiffTir^ 




Fi(. 364. Oscillogram of a Modulated H.F. of a Broadcast 
Transmitter taken at the Receiver End 

transmitter frequency. With single traverse it is possible to 
get sufficient brilliancy for the tracing sweep only with medium 
or high voltage oscillographs. Furthermore, the oscillograph 
of the rising and fading curves, with sudden switching on and 
off of the transmitter output, are particularly instructive in 
the ease of telegraphy and television transmitters. From these 
curves the damping of the transmitter can be determined. A 
problem which sometimes calls for solution is the determination 
of the amplitude of various disturbing voltages such as hum 
from rectifiers. 

For the measurement in question the use of the voltage 
divider discussed (Chapter II, page 2\let seq,) may be necessary 
according to voltage and output conditions, as is also the 
complete electrical and magnetic screening of the entire measur¬ 
ing equipment, including the cathode-ray tube. For examina¬ 
tion of radio transmitters of the highest power available to-day, 
it has been found sufficient to build the tube into a double 
or triple armoured metal case. It is usual to place these boxes 
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inside one another so that a space of several millimetres is 
formed between them. The suspension of the screening boxes, 
which are insulated from one another, prevents voltage drop 
due to eddy current from being communicated electrically to the 
inner screens. 

The cathode-ray tube is almost indispensable in the measure¬ 
ment of the degree of modulation of transmitters. The degree 
of modulation measured can be read off from the oscillogram 
of the h.f. oscillation. Fig. 364 shows the oscillogram of the 
modulated h.f. of a radio transmitter which was taken at the 
receiver end with a gas-filled tube. The degree of modulation, 
even when the latter is not periodic, can be controlled accurately 
by observing the configuration of the curve in a rotating mirror. 
In order to get an oscillogram free from errors, high-vacuum 



Fig. 365. Abrangemknt using Kuectkical Time Deflection for 
Determining Degree of Modulation 


tubes or gas-filled tubes which are free from origin distortion 
should, if possible, be used. If, for any reason, such tubes are 
not available it is of assistance, with the older forms of gas-filled 
tubes, to apply a bias of 50-100 volts and so displace the origin 
position of the cathode ray far beyond the point where the 
normal displacement of the zero point occurs, since the latter 
area is particularly critical in the h.f. range. The arrangement 
for electrical time deflection for determining the degree of 
modulation which, of course, produces stationary figures only 
from periodic modulations, is illustrated in Fig. 365. This simple 
arrangement can be highly recommended for visual observation 
of non-periodic modulation, but in such a case the leads to the 
synchronizing circuit must be opened. The resistance R in the 
drawing must be small compared with the internal plate resis¬ 
tance of the tube—and this must receive attention in the case of 
older types of gas-filled tubes—^the battery shown provides the 
necessary pre-deflection of the ray in order that the highest h.f. 
amplitudes present shall not come into the zone where origin 
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distortion occurs. With periodic modulation the arrangement 
produces stationary figures. The tracing of a figure such as that 
obtained by Kammerloher with a similar but older arrangement 



Fio. 366. OsClLLO(iRAM OF A MoDULATKD H.F. OsCILI>ATION WITH 
vSynchronized Electrical Time Deflection 


is illustrated in Fig. 360. The degree of modulation is quite 
simply calculated from the relation 

K^--(a-^b)l(a + b), . . (75) 

The method, whicli can be 
easily understood from Fig. 366, 
for the determination of the 
amplitude conditions from the 
highest to the lowest values, is 
to be recommended if errors 
in defection due to irregularly 
distributed wall charges, etc., 

are present.-- -- 

Allotlier very jirecise way 
of measuring if jire-deflection I 


is used is the trapezium 
method, the principles of which 
have already been explained 
in detail above (Chapter III, 


page 388 et seq,). If the deter¬ 
mination of the degree of 
modulation is to be made near 


Fig. 367. Trapezium fob Deter¬ 
mining THE Degree of Modula¬ 
tion at the Transmitter 


the transmitter, the method 


should be varied so that the modulating low frequency is 
applied directly to one pair of plates. There appears on 
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the fluorescent screen a trapezium from which the highest 
and lowest voltage can be read and, according to which the 
degree of modulation can be calculated from the equation just 
given. The photograph of a trapezium obtained in this way is 
given in Fig. 367. If the transmitter is 100 per cent or fully 
modulated, then the edges of the illuminated surface will show 
the modulation characteristic of the transmitter. In contrast 


to the rectifier characteristics illustrated above, non-linear per¬ 
formance is shown at high voltages. If phase displacements 
exist between the modulation curve of the high frequency and 
low frequency—the latter is easily produced if the trapezium 
method is used on the receiver side, and phase changes occur 
^ —j in the rectifier and amplifier units 

^—two ellipses will appear on the 
A / [ fluorescent screen. In this case 

/ i \ \ ^ - / 1 also, as will be seen from the 

i \ \ \ / / diagram in Fig. 368, the determin- 

\ \ \ 1/^ ^ p\ /I ation of the largest and smallest 

V M V ^ amplitudes, and consequently the 
Fig. 368. Determivivo the degree of modulation, presents no 
Degree of Modulation from difficulty. 

PHASETisp“rcKMJr'’" importance 

Present wheii assessiug transmitters to 

know how powerful is the unde¬ 
sired frequency and phase modulation when the desired ampli¬ 
tude modulation is being carried out. Frequency and phase 
modulation are particularly objectionable, since they produce 
considerable distortion with selective fading near the receiver. 


Among the various processes which are knoAvn for measuring 
them are those which employ oscillographic methods, and 
also the clear and simple method published by A. Heilrnann 
which deserves special mention, Heilmann’s method enables 
phase changes of the modulated h.f. oscillation occurring 
during a modulation period to be read off simultaneously with 
the degree of amplitude modulation. It is based on the com¬ 
parison of the oscillation to be investigated with an auxiliary 
oscillation of constant angular frequency. By vector repre¬ 
sentation of a.c. values, a sinusoidal oscillation corresponds 
to a vector which rotates at a constant velocity Q, and des¬ 
cribes a circle. A modulated oscillation is shown in the same 


way except that now, as a consequence of change in magnitude 
of the vector, its end point no longer follows a circular path 
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but a spiral shaped curve, and so covers a ringed surface the 
width of which depends on the degree of modulation k (see 
Fig. 369). As long as the carrier frequency is constant, 
equal angles will be traversed in equal periods of time in both 
cases. If, however, the frequency alters in accordance with any 
time law, then the angles within this period will be different. 


Period of modulation 



Fig. 369. Vector Representation of an Unmodtjlated and a 
Modulated Oscillation (O — lOco) 


If a timing mark is introduced in such a way that the vector 
during certain periods of time is increased, decreased, or modu¬ 
lated in its intensity, short time impulses will appear on the 
circumference of the circle. If the distance between consecu¬ 
tive impulses is equal to the period of the oscillation under 



Unmodulated 



Fig. 370. Circular Time Scale of a Screen Figure of a H.F. 
Oscillation under Varied Modulation 


investigation in its unmodulated condition, then the time mark 
will always appear in the same position on the circumference 
of the circle (see Fig. 370 left). If, now, the oscillation is 
modulated, the time mark will travel to and fro within the 
circle in the direction of a straight line towards the centre of 
the circular ring if phase modulation is not present (Fig. 370, 






416 


CATHODE-RAY TUBES 


centre). If, however, the transmitter shows frequency or 
phase modulation, then the time mark will move to and fro 
sideways according to the extent of the })hase change, and will 
describe in the circle a curve which shows directly the phase 
change independently of the modulation phase. At the same 
time, the phase change between two different modulation phases 
is denoted by the angle contained by the lines joining the centre 
of the circles to the relative time marks (Fig. 370, right). 



Fig. .371. Circuit for Stroboscopic Examination of Frequency and 
Phase Modulation for Amplitude Modulated Transmitters 


The principle of the measurement discussed can be simply 
carried out by the cathode ray tube in the circuit shown in 
Fig. 371. The original h.f. oscillation is first converted by the 
usual superheterodyne method into intermediate frequency 
oscillations. Tendency to oscillate is in this way avoided. The 
phase and amplitude changes measured at the intermediate 
frequency are identical with those of the actual transmitter 
oscillation. By means of the phase shifting device, two defiect- 
ing voltages 90° out of phase are applied to the cathode-ray 
tube, so that the luminous spot describes circular or spiral 
figures on the fiuorescent screen as shown in Fig. 369. If the 
modulation frequency is not a simple sub-multiple of the 
carrier frequency, then an almost regularly illuminated circular 
surface will be visible on the screen. If, for instance, the 
application of short Voltage impulses to the brightness control 
electrode gives rise to a time mark, then marks will occur in 
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the illuminated circle which shows directly the nature of the 
phase changes. Fig. 372 shows a photograph obtained by 
Heilmann in which time marks are secured by using short 
voltage impulses at one of the deflection systems. In order 
that the time mark may remain stationary, the auxiliary 
frequency must be brought into exact synchronism with the 
intermediate frequency. The 
auxiliaryfrequency generator 
must be quite constant. The 
intermediate frequency must 
not be too low, because, 
finally, the phase-shifter will 
no longer give a phase dis¬ 
placement of 90° for the ) 

side bands of the carrier fre¬ 
quency. If the ratio between 
modulation frequency and 
intermediate frequency is 
small, this defect can be 
ignored. 

(B) Examination of Re- 3,2. spikal Fiouke with Time 
CEIVERS. In the case of ex- Scale Obtained Stroboscopically 


amination of receivers an 
important use for the 
cathode-ray tube is the de- 


sHowiNG Phase Modulation and 
Traced from a Modulated H.F. 
Oscillation 


termination of the potential at various parts in the apparatus. 


The particular problem here is testing the sensitivity, finding 
the cause of distortions, and evaluating the magnitude of 


disturbing voltages. Fig. 373 illustrates a circuit for testing 



Fig. 373. Arrangement for Carrying Out Investigations 
on Receivers 



418 


CATHODE-BAY TUBES 


receivers in which the cathode-ray tube measures voltage 
values of varied magnitude. With the switch on contact 1, 
the mean amplitude, and possibly by simultaneous use of 
a rotary mirror, the degree of modulation is determined. In 
position 2, the h.f. voltage at the grid of the rectifier (detector) 
and in positions 3 and 4 the l.f. voltages in the grid and anode 
circuit of the last stage are measured. In addition, the detector 

lAAA j 

t 

(1) (^) 

y f\ r' 


w V v V V 


(.0 

Fig. 374. (1) Modulated H.F. (2) Voltage Pkecedincj the Detectoti 
(3) Voltage subsequent to the Detector and Measured 

ACROSS THE AnODE KeSISTANCE 


characteristic can be traced with the assistance of the second 
pair of deflector plates if the corresponding switch is on 
terminal 6 and the selector switch on contact 3. Oscillo¬ 
grams of the voltages corresponding to switcli positions 1, 2, 
and 13 of the testing apparatus are reproduced in Fig. 374, 
(measurement by Kammerloher). 

Most of the data required for appraising receivers (voltage 
sensitivity, degree of h.f. amplification, operation of the 
detector, modulation range of the detector characteristic, 
degree of l.f. amplification, and modulation range of the last 
stage) can be obtained by means of the testing equipment 
discussed, in combination with a calibrated test regulator. 
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Furthermore, when the carrier frequency of the measuring 
transmitter is altered, the other properties of the receiver 
(selectivity curves, etc.) can be ascertained. Again, when the 
modulation frequency changes, the resulting frequency char¬ 
acteristics of the receiver can be determined by measurement. 

The investigation of mains noise forms an important question. 
It is easy by oscillographic means to determine the source of 
origin of hum and to find the most economic design of the 
mains components, since the investigation of the percentage 
fluctuation of d.e. sources occurs also in the case of generators, 
etc. Let us look more closely at the practical methods used 



Fid. 375 . Arran(jement for Investigating Noises from 
Supply IVIains 


in the examination of mains equipment. Fig. 375 shows a 
convenient circuit in which the percentage fluctuation is 
increased in amplitude by a 2- or 3-stage amplifier to be suitable 
for deflection. The potentiometer provided, whose total resis¬ 
tance must equal that of the loudspeaker, consists preferably 
of a calibrated voltage divider. The hum factor, which is defined 
as the ratio of amplitude of the mains noise to the maximum 
signal amplitude, (‘an be determined by measuring the length 
of the fluorescent stroke at full loading of the final amplifier 
and that which exists when the receiver is not loaded. For the 
determination of the hum factor only a portion of low resist¬ 
ance should be tapped from the voltage divider. It is advisable 
when tracing the curve of the mains noise to use a much larger 
voltage in order to trace all the details of the curve. 

I^et us examine a few noise oscillograms as examples. 
Fig. 376 shows on the left a typical outline of mains noise if 

28—(T.36) 
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the anode voltage is supplied by a full-wave rectifier, and grid 
and heater voltages are supplied from a d.c. source. The 
right-hand curve corresponds to the mains noise when directly- 
heated valves from an a.c. supply are used with the usual 
centre-point tapping for connexion to the grid circuit. In this 


Fig. 376. Anode Disturbance { left ) and Heater Circuit 
Disturbance ( right ) in the Oscillogram 

oscillogram, grid and anode voltages are taken from batteries. 
When the heating and anode current circuit disturbances are 
superimposed a more complicated picture results (Fig. 377). 
Instead of tracing the resonance curve point by point and 


Fig. 377. Disturbances in Heater and Anode Circuits 
Superimposed 

the audio frequency response curve as specified in the discussion 
on the testing of receiver circuits, methods employing slow 
registration are used for more precise recording. Fig. 378 
illustrates a circuit for the slow registration of such curves. 
If resonance curves are to be registered it is necessary that the 
wavelength of the transmitter should be altered with time in 
accordance with known laws. If the effect of frequency varia¬ 
tion is to be measured, then the wavelength of a second trans¬ 
mitter which interferes with that of the first should be con¬ 
tinuously varied. Calibrated condensers of special design are 
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included in the equipment most conveniently used for varying 
the frequency, and such are described in Chapter III, page 395 
et seq. In order that dependence on amplitude may be excluded 
from the recording, the h.f. voltage produced in the oscillatory 





Fig. 378. Arrangement for Recording the Overall Frequency 
Characteristic of a Complete Receiver 


circuit by the varying frequency should be low compared with 
the voltage injected into the oscillatory circuit by the constant 
frequency transmitter. A record obtained with the arrange- 


Ftg. 379. Recorded Frequency Curve of an Old Rec’eiveh whic-h 
Incorporates Grid Ci rrent Rectification and which Shows a 
Poor Upper Frequency Response Due to Redi ced Damping 
IN THE Oscillatory Circuit 

ment is illustrated in Fig. 379. This represents the resultant 
frequency curve of a receiver incorporating reaction. 

3. Examination of H.F. Radiations. In the examination of 
high frequency radiation the cathode-ray tube is primarily used 
for measuring field strengths and degree of modulation, as a 
directional indicator, and as a means of measuring echo signals 
of short duration. 

(a) Measurements of Field Strength. The configuration 
of the field can be directly recorded if the voltage furnished 
by the output side of an efficient h.f. am])lifier is applied to one 
pair of the plates in a cathode-ray tube, and the length of 
the fluorescent stroke is recorded with the apparatus described 
previously (Chapter II, page 328). The advantages enumerated 
above will be obtained. In addition, with this method there 
is the extra advantage that the magnitude of the modulation 
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which existed at various times, can be estimated simultaneously 
from the record, If modulation is not effected by a periodic 
oscillation, but by complicated and continually changing 
oscillations such as always occurs with speech and music, then 
the points of reversal of the h.f. oscillations vacillate between 
an upper and a lower limit from which an average degree of 
modulation can be deduced. In ])hotograx)hic recording the 
space between the points of reversal of the cathode ray appear 
more prominent. With an unmodulated h.f. oscillation the 
points of reversal are always at the same height, a luminous 
band can be seen in the record, and the limits are particularly 
well marked. The registration resembles that of a good pick-uj) 


Fig. 380. ReCOBD of FaI>INO showing SlMUIiTANKOUSLY THE 
Approximate Variation in Degree op Modulation 


as given previously. If the h.f. is modulated by speech or 
music, the points of reversal are very irregular. In the tracing 
a diffuse band, from the width of which the average degree of 
modulation can be deduced, aj)j)ears at the edge of the luminous 
surface. 

The facts described can be clearly seen from the record 
shown in Fig. 380. The height of the curve above the abscissa 
axis gives the field strength and the width of the band relative 
to the height indicates the degree of modulation. The complete 
equipment used for making this record is shown in Fig. 381. 
On the left is the equipment for measuring the strength of 
field allowing absolute values of this variable to be recorded; 
on the right is the receiver with a tuning band of 10^ eye. The 
cathode-ray tube and the recording equipment are in the 
screened box visible on the right. Complete screening of this 
part of the circuit is necessary to avoid back-coupling. An 
interesting variation of this arrangement consists in connecting 
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various aerials in turn to the input side, particularly frame 
aerials oriented in various planes. In this way it is possible 



Kig. 381. Aiirangement ior Recordixg Field Intensity 


to record simultaneously fluctuations which take place in 
various components. Fig. 382 shows a record in which two 
frame aerials at right angles to one another were connected up 



5 ' 



Fig. 382. Simultaneous Ri:cording of the Field Strength of 
Two Frame Antennae at Right Angles to One Another 
AND taken with AN OlD TyPE GAS-FILLED TuBE 


in time intervals of about \ min. Naturally in this case much 
more rapid switching over is possible, so that the out¬ 
lines obtained intersect one another. All the fine details of 
the outline can be recognized. High accuracy of measurement 
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can only be expected when a high-vacuum tube is employed, 
particularly in the case of this type of recording. 

(b) The Cathode-ray Tube as a Directional Indicator. 
In relatively simple circuits the cathode-ray tube is capable 
of giving an indication of the direction of incoming signals. A 
diagram of an arrangement for giving directional indication 
with two i)erpendicular frame aerials and using the cathode-ray 
tube is shown in Fig. 383. This arrangement was published by 
Watson Watt and used by him to determine the exact location of 
distant storms.Two frame aerials of exactly the same con¬ 
struction separate the incoming signals into N.-S. and E.-W. 
components, the resultant voltages being amplified equally by 



Fig. 383. Arrangement for Directional Indication with 
THE Cathode -RAY Tube 

amplifiers which are exactly alike and applied to each pair of 
plates of the cathode-ray tube. The resultant becomes directly 
visible on the screen, and, if orientation is correct, represents the 
direction of incidence. In order that a fluorescent stroke may 
appear on the screen, it is necessary for both components to be 
in phase. This can be achieved by tuning the symmetrical 
amplifiers to the same wavelength. Matching for symmetry in 
the measuring device can be simply carried out, for instance, 
by an auxiliary transmitter arrangement, impulsed by time 
discharges, and being set up some distance from the cross- 
frames so that the same e.m.f. is induced in both. In the 
shorter wave-band it is difficult to attain the desired results 
by this method. Equality of phase of both components is not 
possible in practice if radiation reaches the receiver by an 
indirect as well as a direct path. Other methods for direc¬ 
tional indication have, therefore, been developed for short 
waves. A very neat method of measuring employed by 
Friiss<2®^ for the determination of azimuth and elevation angles 
of the incident short waves is based on the fact that the waves 
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are heterodyned by a local oscillator. With two receivers set up 
a certain distance apart, and connected to each pair of plates of 
the cathode-ray tube, the phase of the resultant interference 
note which depends on the direction of incidence, can be com¬ 
pared in the two receivers. The varied orientation of the 
receivers as well as the relation between the fluorescent figure 
and the direction of incidence, can be seen from the diagrams of 
Figs. 384 and 385. Here, again, it is important that symmetry 



Plan of Arrangement 



Fig. 384. Auranoemknt for Detekminixg the Azimuth Angle 
OF Incoming Waves 


is assured, i.e. the receivers are of equal sensitivity. Fur¬ 
thermore, tlie local oscillator must be of very constant 
frequency. 

(c) Dktermij^ation of the Height of the Heaviside 
Layer. When signals are sent out by wireless telegraphy, 
echo phenomena can occasionally be noticed in the receiver and 
this may lead to observation errors in the interpretation of 
the succession of transmitted signals. Besides the main signal 
which arrives at the receiver after a period of time corresponding 
to the distance and the velocity of propagation of electro¬ 
magnetic waves, a fmther signal or signals is recorded some 
time after the primary one. If these echo signals are observed 
at a relatively short distance from the transmitter, and if they 
follow the main signal quickly, then the electromagnetic waves 








426 


CATHODE-RAY TUBES 


have been reflected from the so-called Heaviside layer. This 
is accepted as a layer spread out at a height of about 100 km. 
above the earth’s surface and having a large number of free 
electrons. On account of its relatively good conductivity, it 
reflects part of the waves from the earth. The investigation 
of these so-called short duration echo phenomena is important 
both by reason of its effect on receiver operation, and the 
valuable information it ])rovides about the physical nature of 




FlO. 385. ARRAN<iEMENT FOR DeTORMTVTNO THE AnOLE OF 
Elevation of I n com in o Waves 


the Heaviside layer. The first oscillograi)hic determinations 
were carried out by E. V. Appleton,M. A. E. Garnett,and 
American authors. 

A further process for measuring the height was published by 
Breit and Tuve^^s) Short groups of waves are sent out from 
the transmitter; the incoming short signals are recorded in 
the receiver; several signals in the receiver then correspond 
to a single wave group of the transmitter. The time period 
between the echo and the direct signal is observed. From the 
known distance between transmitter and receiver and the 
approximately correct assumj)tion that the velocity of the 
earth waves is the same as the velocity of light in non-ionized 
air, the time taken by the direct signal can be calculated. If 
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the difference in time observed between the main signal and 
the echo signal is added thereto, the time taken by the echo 
signal is obtained. A knowledge of the time taken by the echo 
signal makes possible the determination of the height of the 
Heaviside layer. By this method, the relation between the 
effective height and the distance between transmitter and 
receiver, the time of day and year, etc., can be found. The 

/ \ 

/ \ 

/ \ 

/ \ 



generator synchronized 

Fi(. 386 Cijui IT FOR Mi:asiri>(0 the Height of the Heaviside 

((^OT BAU AISD ZeNNECK) 

recording of main signal and echo is best effected by means 
of the cathode-ray tube^^^^; the cathode ray traverses the 
oscillogram surface at known velocity, and is synchronized 
with the signals from the transmitter. The curve is modulated 
by the incoming signals, and the peaks in the trace show the 
difference in time of arrival. In particular, two tracing pro¬ 
cesses are in common use. Either the time traverse of the 
fluorescent s]iot takes ])lace in a polar curve, or the time 
deflection is actuated by discharge pulses. Fig. 386 illustrates 
the first process in the arrangement of Goubau and Zenneck.^^^ 
The short impulses which serve to modulate the valve trans¬ 
mitter are produced by a saturated iron choke. It is included 
in a condenser circuit which is fed by a 500-cyc. generator. 

If the applied voltage is sinusoidal, a voltage is obtained at 
the terminal of the choke, and this has an impulse-like 
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wave-form with respect to time. The actual transmitter 
consists of a control transmitter and an h.f. amplifier. The 
grids of the h.f. amplifier valves of the last stage are so highly 
biased negatively that in the quiescent state no anode current, 
and therefore no aerial current, flows. The iron choke is 
connected in the grid circuit of this stage. Short-wave groups 
of about 10“^ sec. duration are received 500 times per sec., 
and their outline is traced with the cathode-ray tube as shown 
in Fig. 387. The voltage taken direct from the aerial is con¬ 
ducted to the tube plates for vertical 
deflection of the cathode-ray beam. 
The horizontal deflection is effected 
by the current of a condenser circuit 
which is fed by a 500-cyc. generator. 

The receiving equipment performs 
two functions. First, it has to receive 
and trace the signals. In the circuit 
of Fig. 386 this is done by vertical 
electrical deflection of the cathode- 
ray beam. The deflection plates 
PjPg of the tube are directly con¬ 
nected to the receiver. Each signal 
from the transmitter produces on the 
condenser formed by P^ and Pg a 
charge which deflects the fluorescent 
spot vertically during the persistence of the signal. Of 
course, radial deflection of the spot can also be secured by 
adding a second pair of deflection plates or, better still, 
control can be made at the brightness-control electrode, thereby 
making evaluation easier and more accurate. The second 
function of the receiving apparatus is the production of a. 
linear time deflection which is exactly in synchronism with 
the 500 period generator of the transmitter. In the circuit 
shown, the time deflection is carried out by means of a rotating 
magnetic field acting on the cathode-ray tube. The rotating 
field is produced by a 500 eye. valve oscillator to which the 
deflecting coils S 2 , S^, and S^ are connected. Synchronization 
of the valve oscillator is effected by signals taken up by the 
receiver being induced on the grid circuit of the valve oscillator 
through a voltage divider R and an l.f. amplifier. The condi¬ 
tions of operation of the valve oscillator and the amplitude 
of the control voltage, are so adjusted that the valve generator 




Fig. 387. Time Variation 
OF THE Wave Group of a 
Signal 
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is locked by these signals. A simpler method of synchronization 
used in practice consists in transmitting the synchronizing signal 
through a telephone cable or over a long-wave channel. This 
kind of synchronization eliminates the following difficulty. If 
short waves are used over any distance, an actual signal is not 
received on account of the absorption of the earth waves. There 
is no definite synchronizing impulse and zero point for the 
determination of the traversing time. For instance, the position 
of the direct signal can be marked on the screen of the tube by 
a long wave whose earth wave is sufficiently strong at the point 
of reception. The shape of the stationary image obtained when 
the direct signal only is received is shown in Fig. 388. If, in 



Fig. 388. Photogbaph Fig. 389. Photogbaph 

WITHOUT Echo with Echo 


addition to the direct signal Z>, an echo is also re(*eived, the out¬ 
line becomes that shown in Fig. 389. The effective height from 
which an echo is received is shown in the photograph by the 
angular distance of this echo from the main signal. When 
making records of long duration it is advisable to determine 
the time taken in photographing a single echo by photographing 
at the same time the face of a stop watch or by using some 
other method of time marking. 

In Hollmann and Kreielsheimer's^^^^ method, the time 
traverse is brought about by a saw-tooth oscillation synchron¬ 
ized with the transmitter signal (Fig. 390). A transmitter 
radiates every Vo sec. a short signal synchronous with the light¬ 
ing mains. The release of the signal takes place through a con¬ 
tact A"i driven by a synchronous motor. The radiated signals 
reach the receiver and defiect the cathode ray in the ordinate 
direction through the pair of plates of the cathode-ray 

tube. Time deflection is effected by charging the condenser C 
from a battery through a saturated current valve. The time 
deflection must also be repeated 50 times per sec. To do this, the 













EQUIPMENT FOR MAKING MEASUREMENTS 431 

condenser is discharged periodically through a corresponding 
contact synchronously driven from the same mains. For 
correction of phase displacement, i.e. to ensure that the directly 
transmitted signal starts at the beginning of the time sweep, 
the contact K 2 is adjustable in position on the motor axis. The 
velocity of deflection is variable according to the magnitude 
of the condenser and the emission of the valve. In order that 
the complete direct signal may be photographed, the contact 
K 2 which determines the start of the time deflection, must 
travel slightly in advance of contact Ki, Fig. 391 shows a 
continuous record of 10 hours obtained with this apparatus. 
The record shows very distinctly many multiple reflections, 
and a particularly beautiful effect at sunrise. For the purpose 
of recording, the ordinate deflection is focused through a 
cylindrical lens which causes the time axis to be blocked out 
(see Fig. 390). In a photographic record, the direct and echo 
signals are then traced as dots or dashes, the time separation 
of which denotes the height of the Heaviside layer. By inclining 
the abscissae about 30°, the authors are also able to include 
the amplitudes of the various echoes in the record. 

III. The Use of the Cathode-ray Tube in 
Telegraphy and Telephony 

The cathode-ray tube is frequently employed in telegraphy 
and telej)hony for tracing phenomena of short duration. The 
problems which occur are in many cases identical with those 
of h.f. technique; therefore they will be only briefly mentioned 
where the two cases are the same. In this connexion mention 
must be made of capacitance measurements, inductances, 
amplifiers, valves, oscillators, telephones, the investigation of 
all h.f. and l.f. components used in telephony and telegraphy, 
as well as the investigation of filter networks frequently used 
in these applications. The investigation of the formation of 
transients, particularly in long conductors, is also of importance 
as, for example, in finding suitable conditions for high-speed 
telephony and telegraphy. For examining and testing con¬ 
ductors, methods analogous to those used in the measure¬ 
ment of switching-on processes in amplifiers, discussed above, 
are employed (Chapter III, page 380 et seq,). The characteristics 
of transients, resonance, and damping can be osciDographed 
in the usual way. 
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The dielectric losses of a cable can be ascertained by the 
method noted in Chapter III, page 362 et seq. (“Examina¬ 
tion of Condensers”). Of particular importance is the oscillo¬ 
graphic determination of the source of faults in long conductors. 
If an overhead line open-circuited at each end, or a cable, is 
suddenly connected to a source of potential, a wave is produced 
by voltage rise and is reflected at the free end. If the wave 
meets a short or earthed circuit in its progress, reflection will 
also occur at this point, but with voltage drop according to 
the value of the initial resistance. As this wave in uniform 
conductors, such as are to be found in practical use, continues 
to move at constant velocity, the time taken to reach its point 



Fig. 392. Fundamental Cir- Fio. 393. Working Arrange- 

cuiT FOR Locating a Fault ment for Locating a Fault 


of reflection, and from this the distance between the origin 
of measurement and the fault, can be ascertained from the 
oscillogram of the wave^^^^ Fig. 392 shows a circuit used for 
determining the position of a fault. By means of a switch S 
the voltage V of a condenser C is applied to the conductor L, and 
the time deflection simultaneously set in motion. As the 
oscillograph is some distance from this jioint along the con¬ 
ductor, the deflection plates will only be raised to a voltage v 
when the wave reaches this point. The distance between the 
oscillograph and the end of the conductor, under the most 
favourable conditions should be at least 2-3 per cent of the 
length of the conductor, otherwise the voltage rise or drop 
in the oscillogram which indicates the reflected wave would 
become too small or disappear altogether. According to 
Fig. 393, this distance can be replaced by the resistance R 
(which is approximately equal to the resistance of the con¬ 
ductor to the wave) connected at the end of the conductor 
between the source of voltage and the point of connexion of the 
oscillograph. In order to show the initial voltage rise on the 




EQUIPMENT FOR MAKING MEASUREMENTS 433 

oscillogram, the source of current is first switched on to a 
distortion circuit through the switch S, a condenser having a 
time constant C^R^, being charged through the resistance Ry^, 
After charging, a spark gap is discharged and through this the 
wave enters the conductor. Of course, an electron tube circuit 
can take the place of the spark gap which is particularly 
suitable for medium or h.f. oscillographs. 

Time lagvS and the time of switching of all kinds of relays 
used in telephony and telegraphy are frequently found by 
similar methods of measuring time with the cathode-ray tube. 



Fio. 394. Circuit for Examining a Carbon Microphonb 


A special application by A. Salinger^^^^ of the cathode-ray tube 
in telephone technique will be discussed in detail. Fig. 394 
shows a measuring circuit for examination of microphones. 
The oscillograms obtained are characteristics whose ordinates 
represent the movement of the membrane and abscissae 
the resistance of the microphone. As the sensitivity of the 
cathode-ray tube is not sufficient, amplifiers are provided. In 
order to observe the constant displacement of the operating 
point in the microphone at the same time, direct-coupled 
amplifiers are used in the circuit illustrated. At a short distance 
in front of the membrane of the microphone M a small 
perforated counter-electrode is fixed. This counter-electrode 
with the membrane forms a condenser from the capacitance 
variation of which the movement of the carbon membrane 
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is measured. The microphone capacitance is included in 
the oscillatory circuit of valve so that the frequency 
of oscillation depends on its capacitance. Just as in the 
arrangement (Chapter II, page 227 et seq.) already discussed 
above, at the grid of valve 2 and finally across the anode 
resistance of valve 3, voltages proportional to those across 
the microplione condenser are produced. The current circuit 
of the carbon microphone is fed from a battery (56 volts) 
through a series resistance of 2 000 ohms. The choke net¬ 
work D serves to restrain the h.f. oscillations. The volt¬ 
age across the resistance is a])plied to the horizontal pair 
of plates of the cathode-ray tube after amplification by the 

resistance-coupled valve 4. 
Two switches provide a 
means of calibrating the 
instrument. By means of 
one of them the microphone 
capacitance can be replaced 
by a variable condenser hav¬ 
ing a fine adjustment, the 
capacitance being equal to 
that measured if the opera¬ 
tion of the switch leaves 
everything else unaltered. 
With the assistance of the 
fine adjustment, calibration dots can be fixed on the capaci¬ 
tance axis of the oscillation image. In the same way, the second 
switch provides for the substitution of the carbon side of the 
microphone by a resistance W, by the aid of which calibration 
dots are fixed on the resistance axis of the oscillation image. 
As a consequence of the inconstancy of the resistance in the 
carbon housing, and the difficulty of keeping the voltage of 
all the batteries sufficiently constant, the image wanders to 
and fro over the luminous screen. The oscillogram given in 
Fig. 395 was obtained by retracing on transparent paper. In 
this oscillogram the condition of the microphone is indicated 
by the dot 1 before the sound vibrations commence; curve 
2 shows the image under the influence of a note of frequency 
1 170 eye. The calibration dots were then marked on both axes 
after which the image of loop 3 and later that of loop 4 were 
observed. The exciting sound was then switched off. The 
resistance and the position of the membrane were then indicated 



Fig. 395. An Oscillation of a 
Telephone Microphone Capsule 
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by dot 5 which, however, slowly wandered towards 6, Switching 
on the sound for the second time gave curve 7. It can be seen 
from the oscillogram that the microphone characteristic 
describes a hysteresis loop. 


IV. Uses in Heavy Cubbent Ekgineebing 

In heavy current technique the cathode-ray tube is used not 
only on account of its high speed of recording processes of short 
duration, but also on account of various other properties which 
give it, in certain cases, a superiority over the expensive loop 
oscillograph. One of these advantages lies in the possibility 
of oscillographing currents and voltages, and tracing their 
characteristics directly. For current sensitivity, the low voltage 
cathode-ray tube with magnetic deflection is equal, if not 
superior, to the loop oscillograph in the region of 10 000 eye. 
A deflection of 40 mm. for the loop oscillograph requires a 
current of 100 mA. for a loop with a natural frequency of 12 000 
eye; this corresponds to a current sensitivity of 0*4 mm. per 
mA. At the same frequency, the current sensitivity of a 
cathode-ra 3 ?' tube amounts to about 1 mm. per mA. In making 
direct voltage measurements there is the advantage that a 
very small load is involved. Finally, its ability to withstand 
overloading in making measurements must be mentioned as 
a fundamental advantage which is particularly important in 
high current Avork. Also, its lack of sensitivity to mechanical 
vil)ration and the ease with which it can be transported con¬ 
tribute in niaiiv instances to the substitution of the cathode-ray 
oscillograjili for the loop oscillograph. The cathode-ray tube 
also shows its superiority for demonstration equipment as the 
luminous oscillogram api^earing on the brightly-illuminated 
screen can be satisfactorily observed even in large rooms, 
particularly when television tubes or projection equipment is 
used. Almost all the principles of heavy current technique can 
be clearly demonstrated with the cathode-ray tube, viz. the 
electric and magnetic field, the magnitude and configuration 
of the voltage, the important principles involved in phase 
dis])lacement, the })ower factor, and the frequency. Fig. 396, 
which shows an oscillogram of the formation of a rotary field, 
is an example of an experimental demonstration. Three mag¬ 
netic coils 120° apart, to which the respective phases of the 
rotary field are taken, are employed for deflection. The straight 

29—(T.36) 
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lines of the oscillogram represent the deflections of the coils 
connected singly, the ellipses each represent deflections by two 
coils, and the circle the deflection by the rotating field due to 
all three coils. The determination of mains disturbance in d.c. 
mains or generators (Chapter III, page 418 seq,) is an im¬ 
portant problem. The cathode-ray tube is suitable for such 
investigations, particularly when harmonics of a high order 
are present or when voltage peaks are encountered. Further¬ 
more, the tracing of the switching on or off of mains-operated 

circuits is important. The 
normal as well as the 
abnormal phenomena 
occurring in such cases, and 
their effects on stations and 
apparatus, are investigated. 
The oscillography of short- 
circuits and transients 
which are of sliort 
duration, the determination 
of time of operation of oil 
switches, especially of quick 
break switches, the 
measurement of the time 

Fio. 396. Fluobksc ENT Soheen Fi«^e elapsing between the excita- 
Demonstratincj the Formation of a tion of tlie switch and the 

Rotating Field (Mea.subemknt by establishment of the circuit 
H. Molltir, Hamburg) • i ^ . 

Ill the case oi various cir¬ 
cuits, and circuit relays used in heavy current engineering, may 
be mentioned amongst the most frequently occurring problems. 

Fischer and Pungs^^^^ have undertaken the oscillographic 
examination of the use of electron tubes as switches. 

In the operation of oil switches the pressure which occurs 
in the switch chamber during tlie ])rocess of switching as well as 
the switching-off’ time is of importance. A ])iezo crystal is 
generally used as a cou])ling device (Chapter II, page 229 et 
seq.). When examining the phenomena taking place during 
the extinction of the arc in heavy-current switches, the varia¬ 
tions of the steep and high changes in pressure are of most 
interest. The pressure which is due to the formation of particles 
of vaporized oil when the arc is produced by opening the circuit 
attains a value up to 30 kg. per cra.^ and occurs in about 
0*01 sec. In high pressure gas switches as well, measurements 
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are made with a quartz crystal. Re-ignition during reversed 
voltage is prevented by the cooling effect of the gas flowing 
through the contacts, which removes ions required for the 
formation of an arc. Among the special examinations which 
can be made are the variation of the gas pressure in front of 
the switch case, the rise in pressure due to heat from the arc 
inside the case, and also the conditions of pressure existing 
in the silencing chamber through which the exhaust gases must 
pass so that the noise of breaking the circuit may be reduced. 

Also of interest in switchgear, as well as in high output 
machines, is the impulse effect which takes place imder 
conditions of short circuit. When examining high current 
switchgear great care must always be taken to ensure that 
strong magnetic fields produced by the switching operation 
do not give rise to disturbances. The extremely rapid initial 
oscillations wliich occur in commutating circuits of d.c. and a.c. 
machines are also of such duration that in most cases they 
can only be faithfully recorded by means of the cathode-ray 
tube. 

The examination of high-voltage phenomena is a sphere 
almost exclusive to the cathode-ray tube. In the case of the 
most rapid changes of this kind only the high voltage oscillo¬ 
graph is suitable for recording. Numerous investigations can, 
however, be carried out as well with the low or medium voltage 
cathode-ray tube. The examination of the wave form of the 
current and voltage is made in the same way as with low 
voltage circuits, except that the oscillograph tube is connected 
through a voltage divider to the circuit under examination. 
Special reference must be made here to a work by Vieweg and 
Pfestorf concerning which a detailed report has already been 
given (Chapter II, page 201) et 6cg.). Reference should be made 
to Chapter III, j>age 431, concerning the determination of the 
location of a fault in a short-circuited long conductor. An 
example of the oscillographic investigation of high voltage 
equipment is the surge test of transformers. The test unit is 
subjected to an excitation which is increased till the high 
voltage winding reaches 110 per cent of its nominal rated 
voltage, at which point a discharge passes across a spark gap 
which has been adjusted accordingly. As the testing time 
amounts to 10 sec. and about four arcs per phase occur during 
each period, each winding of the transformer is subjected to a 
total of about 2 000 surges. The distribution of the voltage 
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rise of such waves in each coil winding is very involved, both 
spatially and in time, since the coil is a combination of capaci¬ 
tance and inductance. The relation can only be made clear by 
oscillographic recording. 

V. Applications in Acoustics 

The examination of equipment used with the cathode-ray 
tube in electro-acoustics has already been described in detail 
(Chapter II, pages 226 and 232; Chapter III, pages 395 and 
431. Below, a few further uses for the recording of pure acoustic 
phenomena are discussed. 

The phase of sound waves can be determined by the Hollmann 



Fig. 397. A Cathode-ray Tube Circuit for Measuring the 
Duration of an Echo 


and Saraga process which has been described already in detail 
in Chapter I, page 86 et seq. 

Of great importance is the determination of the sound and 
echo periods of a room. The circuit of Fig. 397 was used by 
the author^^®^ for measuring the acoustic properties of a room 
at various frequencies. A loudspeaker is excited by an audio¬ 
frequency generator producing signals of periodically fluctuat¬ 
ing frequency. In the room in which the exj)eriment is carried 
out there is a condenser microphone as well as a loudspeaker. 
The output voltage of the microphone amplifier which indi¬ 
cates the intensity of the sound where the experiment is being 
carried out, is applied to the vertical plates of the cathode-ray 
tube. At the same instant the frequency generator is switched 
off, the time circuit, the time constant of which is set by the 
condenser C and resistance i?, is excited by a double-pole 
dhange-over switch at the horizontal plates. 

Fig. 398 illustrates an echo oscillogram obtained with this 
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arrangement of circuit. If the time constant of the room is 
the same as that of the condenser circuit, then a triangular 
envelope of the oscillogram is obtained, but in other cases 
the envelope is parabolic. Hollmann and Kreielsheimer used 
a circuit for determining the height of 
the Heaviside layer to find the echo 
times by substituting a loudspeaker and 
microphone for the transmitter and 
receiver (Chapter III, page 425 et seq,), 

A very neat method for determining 
the sound and echo times by so-called 
acoustic saw-tooth oscillations, has been 
published by Hollmann and Schultes. 

The principle of this arrangement is 
based on the condenser as a source of 
electrical energy being replaced by a 
room as a sourc^e of acoustic energy, 
with an electrical time discharge circuit 
such as the well-known one using a flashing neon lamp, the 
transformation of acoustic energy into electrical control poten¬ 
tials, and vice versa, taking place through the microphone and 




Fig. 398. Acoustic 
Echo Curve 



Fig. 399. Diagram Showing the Essentials for Prodixtnc; Acoustic 
Time Discharges across a Space 


loudspeaker. It is better to replace the neon lamp by the 
Kallirotron time discharge cdrcuit which has the advantage 
that its discharges can be adjusted as desired, and that no 
appreciable load is required for the control. The fundamental 
circuit of Fig. 399 with the neon lamp as a control unit 
operates thus. In the room in which measurements take place 
there is a loudspeaker as the source of sound fed from a 
frequency generator as well as a receiving microphone. The 
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alternating voltages after passing through the amplifier are 
rectified by the valve V and appear across the resistance 22. 
Connected to this resistance is a neon lamp, the striking 
current of which switches off the loudspeaker by means of 
the relay 22' when the rectified microphone voltage reaches 
the striking value. From this instant onwards the sound in 
the measuring room reverberates until the d.c. voltage from the 
microphone falls to the extinction value of the neon lamp, and 
the loudspeaker is again switched into circuit by the relay. 
Then the sound period starts afresh until the striking voltage 



Fig. 400. Time Disghakge Circitit Relative to the Mickophonb 

Voltage 

is reached, and is again followed by the reverberation period, 
and so on. It can be seen that this causes a fluctuation of the 
microphone voltage between the two critical potentials of the 
neon lamp as shown in the diagram of Fig. 400, which shows 
the outline of the microphone voltage. Fig. 401 shows a 
spatial-acoustic oscillogram obtained with this time-discharge 
circuit. 

A problem which recurs frequently is the determination of 
the natural frequency and damping of vibrating acoustic 
systems, e.g. hollow or empty spaces. A simple solution of the 
problem consists in exciting the hollow s]:)ace to acoustic 
vibration, by means of a condenser spark discharge, for 
example, and by means of a sound receiver with connected 
oscillograph equij)ment recording the reverberations on an 
oscillogram. The outline obtained shows directly the natural 
frequency and damping. As an example of a similar use, 
within the scope of this chapter, reference to oscillography of 
resonance curves, particularly the measurement of speech and 
musical vibrations, must not be forgotten. The accessories 
required for undistorted tracing have already been discussed 
above (Chapter II, pages 232 and 194). 
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Sound spectroscopy for the purpose of noise analysis repre¬ 
sents a further use for the cathode-ray tube in acoustics. 
Formerly noise analysis was carried out by the so-called 
acoustic exploration method, the disadvantage of which was that 
the tracing took a certain time so that it was not possible to 
observe the spectrum immediately the sound was produced. 
This was due to the excitation time of the filter used. This time 
lag occurred not only once but each time the exploring note 
changed, on account of the band-pass width of the filter. 
Meyer and Thienhaus have published a new method which 
uses optical principles for obtaining the spectrogram, and 
its main advantage lies in the fact that it overcomes the 



Fi(i. 401. Hkc'oih) ok Ac’oi stk’ Saw-tooth Oscillations 


difiicuJties mentioned above. If, for instance, a diffraction 
grating is used, the various jiaths of interfering rays will 
corres])ond to the a[)pro})riate wavelengths. This system 
represents nothing more than an infinite number of tuned 
resonators eacli of which emits a note when the sound impinges 
on it. Here is the jiossibility of building up the spectrum almost 
immediately, and witli the hel]) of suitable ajiparatus of making 
it directly visible. The general arrangement ac'cording to this 
method is given in Fig. 402. It is not possible, of course, to 
use the sound directly on account of its long wavelength. In 
order to do so, a frequency transformation must take place, 
i.e. the acoustic vibrations are su])erim})osed on a carrier 
frequency which is outside the audible range. The position of 
the carrier frequency depends on the extent of the sound to 
be analysed, the desired grating dispersion, and the nature of 
the sound radiator and receiver over this range. In the case 
to which reference is made, the frequency of 45 kc. w^as selected. 

The sound, which is picked up in the usual way by a micro¬ 
phone and amplifier, is taken together with the carrier frequency 
to a push-pull modulator which suppresses the carrier frequency 
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and produces both the side-bands 40-45 kc. and 45-50 kc. The 
lower side-band is cut off by a condenser network, so that the 
next power amplifier receives only the 45-50 kc. band exclusive 
of the carrier frequency. The frequencies are radiated by a 
narrow band radiator, and fall on the grating which splits them 
up as interference images along a focal line. Here they are 
picked up by a condenser microphone and passed through an 
amplifier and rectifier. The circular grating used employs steel 
needles of 3-4 mm. diameter, and they are placed on two 
sheet-iron plates parallel with one another and separated by 



Fig. 402. Equipment fob SoijM) Okatinmj Spec’troscopy 
BY Meyer and Thienhats 

12 cm. The condenser miero])hone is ])ivoted, which permits it 
to explore the focal line. The pivot is at the same time coupled 
mechanically with a side deflection of the light ray from the 
galvanometer which was first used as an indicating device on 
the output side of the measuring amplifier and rectifier. 

If, therefore, the microphone is pushed along the focal circle, 
the light spot of the galvanometer will describe the envelope 
of the noise spectrum on the screen or the photographic 
recording paper. With a sufficiently small natural period of 
vibration in the galvanometer, the specdrum can be so quickly 
explored by the rapid movement of the micro])hone that an 
image appears which is visually almost stationary. As distinct 
from this relatively j)rimitive method, Meyer and Thien- 
haus publish as an improvement the use of the cathode-ray 
tube with sufficient amplification in place of the rectifier, the 
spectrum appearing on the luminous screen. Tlie abscissa 
deflection is produced in a relatively simple way by a direct 
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voltage across a variable resistance, the magnitude of which 
varies with the position of the microphone. A more elegant 
development of this method would consist in giving the micro¬ 
phone a continuous rotary or oscillatory movement, while to 
the abscissa of the cathode-ray tube a sinusoidal or oscillating 
frequency would be given which would be synchronized with 
the movement of the microphone by known methods. 

Another method of sound analysis adopted recently by 
Freystedt in the “Audio frequency spectrometer’’ should 
be mentioned here. The apparatus incorporates a number of 



electrical filters (‘overiug the entire audio fre(|uency range. 
The signal under examination is impressed on all the filters 
simultaneously, the resulting voltage in each circuit being 
rectified and apjdied to a condenser. Thus the resulting charge 
indicates directly the magnitude of the respective frequency 
component. Since the amplitude concerned is quite insufficient 
to give an a])preciable deflection of the cathode ray, a carrier 
frequency of 3*10® cycles is modulated by these d.c. potentials. 
The latter after amj)lification and rectification is applied to the 
ordinate plates. 

For comparative analyses the condensers are connected in 
quick succession to the modulating unit by means of a rotary 
switch. The time deflection, on the other hand, is obtained 
from a steadily varying d.c. potential by a revolving potentio¬ 
meter driven by the same device. The speed of revolution 
must, of course, be high enough to give a persistent image. 
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VI. Uses for Mechanical Measurements 

The cathode-ray tube in combination with a suitable coupling 
device can be used in all cases where mechanical measurements 
of periodic functions varying at high speeds are to be carried 
out. There is a multitude of possible uses in this sphere, and a 
number of typical examples will be given. 

Kluge and Linckh use the piezo crystal for electrical vibration 


cms-i 

*^700 
[so . 







Fig. 404. Fundamental 0.scillationk on Stautinc; Ur a 
Tiihek-PHASE Motor 


measurements. A pile consisting of several sections of quartz 
(Fig. 403) is held by a membrane under a certain pressure. This 
pressure is varied by the vibrations in the set as a result of the 
movement of a heavy metal housing wliich rests on the quartz 
pile. Several pairs of crystals are used to increase the sensitivity. 


Fig. 405. OsctLLocjRAM of Tukbine Oscillations 

The intermediate electrodes of the same j)olarity are connected 
in parallel. If only one ])air of crystals is used and the cliarge 
amplified, more accurate measurements are usually obtained. 
Fig. 404 shows an oscillogram of the fundamental oscillations 
at the starting of a polyjihase motor which was taken with this 
contrivance, while Fig. 405 shows the oscillograph of turbine 
vibrations. 

Watanabe observed impulses of very short duration with 
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the pressure-measuring quartz by means of the notched bar 
bending test (Fig. 406). 

Two crystals of opposite polarity laid on one another consti¬ 
tute the notched bar test unit, on which the hammer falls 
and switches on simultaneously the time deflection of the 
oscillograph. A single trace of the oscillogram is made. 



Fig. 406. Arrangement of the Quartz for Impact Bending 

Test 

Kluge and Linckh^^’^ trace the stress of a steel wire static¬ 
ally loaded. The experimental arrangement consists of a thin 
wire (piano string) hanging vertically, fixed at its upper end and 
statically loaded by a weight attached to its lower end. The 


Secfton A-B 



Fig. 407. Construction of a Device for Measuring Anguuar 
Acceleration 

impulse is produced by a load falling down this wire and giving 
up its kinetic energy on reaching the lower end. In this way 
two longitudinal vibrations are produced in the wire, one due 
to the impulse and the other to the mass, and these are oscillo- 
graphed by the quartz unit, which is so arranged that the force 
at the upper end of the wire is transferred direct to the quartz. 
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Fig. 407 illustrates an arrangement for the measurement of 
angular acceleration by means of a piezo quartz. The arrange¬ 
ment consists of two rotating bodies rigidly connected together 
by a hollow shaft. Of these, only one is screwed to the end 
of the shaft of the machine to be examined. The second, which 
merely acts as an inert mass, tends to resist the rotation of the 
first part when this is accelerated by the shaft. The natural 
frequency is low owing to the rigid connexion to the hollow 
shaft. A relative elastic rotation between the two is opposed 
by two quartz units which are fitted to opposing supports 



Fig. 408. Measuring TorsionaIj Oscillations by Means of a 
Wheatstone Bridge 

forming a kind of claw coupling. These units are consequently 
stressed by a force proportional to the angular acceleration. 

Elsasser^^®^ oscillographs the torque motion by means of the 
ohmic resistances of a Wheatstone bridge circuit (Fig. 408). The 
casing of the system in which the torsional vibrations occur 
carries the circular ring arrangement forming the four arms of 
the bridge, whilst the indicator is fixed on the driven member. 
The voltage across the contacts e and / on the bridge arms, after 
passing through an amplifier, is oscillographed by the cathode- 
ray tube. 

Kluge and Linckh investigated the cutting pressure in steel 
during the process of turning. The quartz unit is firmly fixed 
during operations between the free end of the steel and the 
lathe support. The arrangement is biased by a potential of 
2 volts before measurements are made. By doing this the load 
corresponding to the pressure at rest is compensated on the 
one hand, and on the other the apparatus operates on the 
linear portion of the quartz characteristic. 

Gerdien uses a condenser unit as a measuring device, as shown 
in Fig. 409, for determining cutting pressure. Measurement of 
longitudinal vibrations can be carried out by the Elsasser 





OF Cutting Pressure 
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Fig. 410. Measurement op Longitudinal Vibrations 


Magnets Primary 



Fig. 411. Measurement of the Stretching of a Belt 



Fig. 412. Oscillographic Investigation of the Effect of Tensile 
Stress on the Properties of Steel 
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process which is exactly analogous to the determination of 
torsional vibrations with the Wheatstone bridge (Fig. 410). 

Steinmetz^®®^ measures the stretching of a belt by means of a 
magnetic contact arrangement (Fig. 411). Two narrow strips 
of wrought iron are riveted to the belt at a distance of 
70-100 mm. apart. Closely facing the belt are two electro¬ 
magnets, with open iron circuits the same distance from each 
other. Each of these lias two separate windings. The primary 
windings are excited by d.c. When the iron strips pass the 
magnetic poles, voltages are induced in the secondary circuits, 



Fig 413 Prfssukf Chaaibeu and Amplifier ior Measi^ing the 
Explosive Prissiri int a Hiple Ba^rrel Ikon ) 


and these are oscillograplied by the cathode-ray tube. Two 
oscillograms, one of each induced voltage from the secondary 
winding of the electiomagnets, are obtained. Alteration of the 
separation of both curves provides a measure of the stretching 
of the belt. At the same time the rate of revolution of the 
belt can be deduced from the sepaiation 

The oscillogram of Fig. 412, taken by von Schwinniiig, shows 
the effect of mechanical tension on the magnetic properties 
of steel The curve outline is similar to that of a hysteresis 
loop 

VII. UsKs IN Ualustios and in Chemk’aJj Research 

The c*athode-ray tube is frequently used in the measurement 
of high-speed ballistic processes. In conjunction with the 
pressur e microphone, it serves to determine the course of events 
taking place during explosions, and when used with contacts 
or similar accessories to measure the velocity at various points 
of the trajectory. Fig. 413 illustrates apparatus developed 
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by Zeiss-Ikon for the measurement of pressure distribution in 
rifles. On the left is the pressure chamber, the detector of 
which is constructed in such a way that the spatial dimensions 
concerned are not appreciably affected. Fig. 414 shows the 
piezo pressure detector employed. On the left is the 
pressure element. From the pressure chamber a highly insu¬ 
lated screened cable leads to the mairis-operated am])lifier, 



Fig. 414. Piezo Presst re Detector for MEAsiTRi\t, Explosive 
PuESSITKE (ZciAS Jkon) 

which is stabilized by neon lamps. A jircssure oscillogram 
obtained from one shot is reproduced in Fig. 415. The dur¬ 
ation of the process is of the order of 0*001 sec. All the 
important factors involved in the operation can be taken from 
the oscillogram of the shot, the time of the movement of the 
bolt, the maximum pressure, the gas pressure when the shot 
leaves the barrel, the initial velocity, etc. The evaluation of the 



Fig. 41.5. Oscillogram of the Presst ke in a Kifle Pajuill 

height of the ordinate in pressure units can be carried out in 
various ways. The simplest and most exact method consists 
in calibrating the apparatus empirically by means of a lever 
press. The pressure element is statically loaded under the 
press exactly like a copper cylinder, and the corresponding 
deflection of the cathode-ray tube is traced with the recording 
chart stationary. 

There are many ways of determining shot velocities. The 
simplest is to allow the shot to i)ass through two pieces of 
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thin metal foil forming contact strips at a known distance apart, 
and to determine oscillographically the time difference between 
the shts. In place of mechanical contacts, photo-cell devices 
which have low inertia may be used, the inteiTuption of the light 
ray being used to produce voltage impulses. To attain the high¬ 
est accuracy, the points at which measurement is made should 
be separated by a distance which is large compared with the 
length of the projectile if the velocity in the direction of motion 
may be regarded as practically constant, or its average value 
assumed. One photo-cell and amplifier with good frequency 
response (see, for example, the television ami)lifier, Chapter II, 
page 194 el seq.) are sufficient for the light-ray method if the 
two beams which are required can finally be concentrated 
on the one cell by means of suitably mounted mirrors. The 
cell need not be shaded from any constant illumination which 
has no effect on an a.c. am])lifier. In a few eases the method 
of giving the shot some residual magnetism has been adopted, 
the shot then being juojected through induction coils. If 
the coil is of small dimensions and has a low inductance, and 
the amplifier possesses a small time-lag in resj)onse and the 
necessary degree of amjdification, then the induced voltages 
have a rate of change sufficiently great to provide a fairly 
accurate determination of time at the output terminals. 

In combination with correspondingly oriented pressure micro¬ 
phones, the cathode-ray tube serves to determine the pressure 
variation in several co-ordinate directions in the case of 
explosions. Also in chemical research, the cathode-ray tube is 
becoming increasingly j)opular for the investigation of rapid 
reactions. The changes of pressure during a reaction, the 
variation of light emission or absorption, or other changes 
which may occur, are recorded by the cathode-ray tube. 

All arrangement for the oscillographic investigation of the 
explosive reaction between equal volumes of hydrogen and 
chlorine, is illustrated in Fig. 416. A ray of light from a lamp 
(Uviolglass), whose intensity is insufficient to bring about 
chemical ac'tion, passes through the reaction chamber on to the 
photo-cell. The reaction vessel and the bulb of the photo-cell 
are also of Uviolglass. In addition a dark filter is interposed in 
the path of the ray. As long as the reaction has not started, there 
is a strong absorption of light due to the chlorine. The change in 
absorption which takes place after the reaction sets in is traced 
oscillographically. The reaction is started by a spark discharge. 

30--(T.36) 



452 


GATHODE^RAY TUBES 


This is controlled by the switch S 2 and the electrical time 
deflection is started simultaneously. The switch S^, just 
released, opens the aperture of the recording camera. The 
spark gap is arranged so that as far as possible only a small 
part of the light from the spark reaches the photo-cell. 





Fi(3. 416. Arrangement for Oscillographic Examination of 
(Jas Rea(‘ttons 


The cathode-ray tube has also been used for measuring rapid 
changes in the velocity of flow of gases. 


VIII. Measurements on Internal Combustion 
Engines 

The cathode-ray tube is used for measurements on internal 
combustion engines, to photogra])h time-pressure curves, and 
to oscillograph knocking noises which take filace. Measure¬ 
ments of vibration, particularly the determination of the 
mechanical resonance of individual component parts, are 
carried out with the quartz crystal measuring equipment 
already described. The recording of sudden stresses due to 
shock, particularly surface stresses in various directions, are 
further investigations. Measurements on rail bonding on 
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railway tracks, and the pressure of the current collector against 
the rail or wire, are also carried out by the cathode-ray tube. 

The pressure-time curve in cylinders of internal combustion 
engines has been photographed by Kluge and Linckh^^^) 
the quartz pressure unit already referred to. Photography 
in ordinary engines is greatly simplified by a new piezo ele¬ 
ment combined with a plug made by Zeiss-Ikon, Dresden. In 
photographing these curves the sparking point can be marked 
on the curve simultaneously by tapping from the dis¬ 
charge circuit a voltage of about 10, i.e. less than 1 per 
cent of tlie striking voltage, and applying it to the brightness 
control electrode of the oscillograph. The instant of firing is 
indicated as a light or dark spot, according to the phase, on the 
time-pressure curve. Marking the dead-centre i)oint, and for 
that matter any desired ])oint of the cycle of operations, can 
be carried out in the same way. 

In such photography, the cathode-ray tube offers the further 
possibility of obtaining the curve as a stationary figure on the 
luminous screen if a time discharge synchronous with the 
operating period is applied to the second pair of defiecting 
plates. Automatic synchronizing is recommended if the number 
of revolutions of the motor is variable. Synchronization is 
most simply attained with a rotating contact on the crank¬ 
shaft. This revolving contact is either inserted in the discharge 
path in jfiace of the neon lamp, or it is used to apply periodically 
a i)otential to the control electrode of a neon lamp. 

For the investigation of the details of operation of motors 
and the effect of various fuels, the analysis of knocking noise 
in combustion engines carried out by Wawrziniok^^^^ in collab¬ 
oration with Martin, by means of the cathode-ray tube, is of 
particular importance. In this connexion reference should be 
made to publicationsby the same authors which are par¬ 
ticularly interesting and deal with experiments on simultaneous 
recording of several processes using two oscillograph tubes. 
Fig. 417 shows a picture of the complete apparatus. By means 
of a freely suspended condenser microphone, the noise emanat¬ 
ing from the engine is picked up. At the same time spurious 
noises are excluded by connecting a short rubber tube between 
the microphone housing and the engine cylinder. The photo¬ 
graph of the image of the noise is obtained by the cathode-ray 
tube, preceded by an amplifier. The connexion can be made 
either through a pure ohmic resistance couphng or through 
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an inductance which acts as a distorting coupling, and as 
a short circuit to lower frequencies. The point of maximum 
ampUfication is displaced into the region of the knocking noise 



Fig. 417. Wawrziniok Apparatus for Measuring and Investigating 
“Knocking” Noispjs in Internal Combustion Engines 

frequencies by the selective inductive couphng, and the un¬ 
wanted lower frequencies are excluded from the total noise. 
For time marking, the image of a vibrating tuning fork is con¬ 
tinuously photographed on the film of the oscillograph, and this 








Speed 1 000 r p m Ignition advnuted 2 ">® 

Fig. 419. OsoiiiLOGBAMs of Knocking Noises under Different 
Conditions of Pre-ignition using Benzine 
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appears on the lower edge of the oscillogram as a sinusoidal 
wave. An additional disturbance of short duration in the 
amplifier due to the sparking current effects the marking of the 
sparking point. It is noticeable on the oscillogram as a slight 
rise in the line. The dead (ientre mark is made at the upper end 
of the oscillogram by a thread electrometer which is operated 
through a short circuit contact from the fiywheel. The striking 
point mark can in this case also be carried out by influencing 
the Wehnelt cylinder. Time deflection is effected by mechanical 
movement of the photographic film. Figs. 418 and 419 show 
several oscillograms photographed with this device. These 
show the effect of the fuels used and the effect on the knock¬ 
ing noise of advancing the ignition. It can be seen that benzol, 
as distinct from benzine, shows no knocking noise and that, on 
the other hand, as the ignition is advanc^ed the amplitude of 
the knocking noise increases. 


IX. Uses m Medical Research 

Photography of cardiac sounds and currents due to nerve 
actions by means of the oscillograph has already become a 
classical examj)le of its use in medical research and practice. 
Oscillographic photography brings about progress in two ways. 
The curve obtained shows direct evidence of the nature of the 
noise which takes place at different times. By means of the 
curve outline, the doctor can form a definite opinion of the 
changes in noise which take place. Furthermore, the record 
shows characteristic differences in noise which are not detect¬ 
able by direct observation. By using suitable microphones 
and amplifiers, very low frequencies below the audible limit 
can also be recorded. 

Loop oscillograph devices are used for photographing cardiac 
noises and currents due to the heart's action, and only quite 
recently has the cathode-ray oscillogray)!! found a sf)here of 
utility here. A type of mobile cathode-ray electro-cardiograph, 
which includes the oscillograph equipment, the necessary 
amplifiers, and sources of current, is illustrated in Fig. 420. 
Electro-cardiograms traced by this equipment are reproduced 
in Fig. 421. As a result of the ability of the equipment to 
withstand overloading, no damage will be done to it by the 
unforeseen increase of the sound under examination which is 
capable of giving rise to strong currents. 
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For instance, with the equipment illustrated, it has been 
possible to investigate the effect of the electrical shock to a 
person under examination with simultaneous electro-cardio¬ 
graphy. Special screened electrodes, suited to the conditions 
of the experiment and connected up to the input side of the 
amplifier, are used to pick up the voltage. The form of the 
microphone depends also to a great extent on the nature of the 
problem under consideration, the microphone membrane is 



Fig. 420 Old Form oh Cathode-ray Electro-cardiograph 
{E LeifhoUi) 


coupled directly to the zone under investigation. Of the more 
modern cathode-ray cardiographs the Cossor-Robertson deserves 
special mention. In this, by reason of the special construction 
of the amplifier, a direct-coupled amplifier with its well-known 
disadvantages is avoided without affecting the low^-frequency 
components in the cardiogram. More recently an endeavour 
has been made to record the currents in three leads simul¬ 
taneously by a threefold tracing system. Besides the investiga¬ 
tion of heart beats, on which there exists a vast amount of 
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literature, the tracing of lung noises is important. The 
tracing of lung noises is not technically very simple, because 
they are very weak compared with sounds from the heart. 
Greater amplification and special design of the microphone are 
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necessary to exclude the heart noisCvS whieli occur at the same 
time. The frequency components of heart sounds are mostly 
quite low, while those of lung noises are high. By accentuating 
the high at the expense of the low frequencies, it is possible to 


Fig. 422. Oscillogram or a Rksfiratoky Noise (Bronchial 
Respiration) 

produce voltages which are representative of lung noises alone. 
Fig. 422 illustrates the oscillogram of a respiratory noise. As 
shown by other workers,valuable conclusions can be drawn 
from the oscillograms of various breathing noises (bronchial 
and vesicular noises, deep breathing, rattling noises, etc.). 
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The cathode-ray oscillograph is of great interest in physio¬ 
logical research. Here the small currents and voltages which 
occur in animal and human organisms, in the nerves and 
muscles, are of interest. Investigations are extended to include 
the way in which the magnitude of the voltage and the outline 
of the curve depends on mental impressions, thoughts, volun¬ 
tary actions, etc. The process in the nerves and muscles is such 
that a charge which is negative relative to an unexcited point, 
traverses the nerve or muscJe. The problem consists of meas¬ 
uring with the oscillogram the relatively slow progressive 
transient. 

F. Sclieminzky<^^^ recently published a detailed example of 
acoustic measurements with the cathode-ray oscillograph in 
physiology. The same author^^®^ discusses in a comprehensive 
treatise the oscillography of nerve reaction currents with the 
cathode-ray tube. The main difficulty in recording these 
is the necessity of using direct-coupled amplifiers, owing 
to the extremely low frequency components which are present. 
Detailed hints have already been given above (Chapter II, 
page 206) about improvements in construction of such an 
amplifier, and also the method of carrier current amplification 
or of a.c. current amplifiers with symmetrical stages which 
are most suited to this j)urpose. 
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CHAPTER IV 

THE CATHODE-RAY TUBE AS AN OPERATING UNIT 

The development of the cathode-ray tube from being solely 
a laboratory instrument to a compact, handy unit which could 
be always available for use, signified progress in directions 
other than that of measurement and opened up a further sphere 
of usefulness for it as an operating device. 

I. Use in Sound-film Recording 

In 1921 Vogt, Engl, and MassoUe suggested the use of 
the cathode-ray tube in sound-film photography in connexion 
with talking pictures, but Tobis later dropped the idea. The 
first practical results of which use could be made, and in which 
sufficient blackening of the photographic material took place, 
were achieved by Breusing-Hartel in January, 1930, with the 
author’s tubes. Just before this, the work of Friess had begun. 
Lately, the development of high-vacuum receiving tubes has 
enabled considerable progress to be made resulting in a great 
increase in stability, life, light intensity and sensitivity of 
control. 

1. Fundamental Cionsiderations. The use of the cathode-ray 
tube for sound photography has the advantage of needing only 
a very small output for its control. The power consumed by the 
amplifier, which is a disadvantage, particularly in portable sets, 
is reduced to a minimum. In most cases one or two stages 
are sufficient to ensure adequate reserve of sensitivity to deal 
with all requirements during recording, i.e. for the microphone 
and its associated circuits, and for correction of frequency 
characteristic in speech or music. In cases where speech 
occurring directly in front of the microphone is to be recorded, 
the control voltages produced by very efficient microphones 
(e.g. Reisz high current microphone) are great enough for 
complete control of the film without amplification. 

A further advantage in favour of mobility is the low power 
consumption from the supply—of only a few watts. Finally, 
the independence of frequency in the low range—an obvious 
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condition for this being a fluorescent screen sufficiently free 
from after-glow—is also to be considered an advantage in this 
kind of photography. 

2. Variable Area and Variable Density Recording with the 
Cathode-ray Tube. There are two different processes for sound 
recording, and the principles of both are shown in Fig. 423. 
Directly behind the screen of the sealed-off tube which traces 
the record, a slot which is as narrow as possible is fixed 
level with the fluorescent stroke. If the intensity of the ray 
of the tube is modulated, then the film which passes across 



Schematic arnanqement for^ound reconding 

Fig. 423. Diagrammatic Repre.sentation of Sound Recording with 
THE Cathode-ray Tube for Variable Area and Variable 
Density Processes 

the slot is illuminated with a variable amount of light. This 
is known as variable density recording. If the amount of 
fluorescent light passing through the slot is varied by a side 
deflection of the ray, and not by variation of its intensity, 
then variable area recording results. Both processes are 
common practice to-day. As the photographic advantages 
expected from the variable area process have not materialized 
completely, the importance of the variable density method 
tends to increase. In both methods there is, for photographic 
reasons, a limited range of working. Attempts have been made, 
therefore, to combine them. Such a combination record is 
quite easy to obtain. Before the special considerations of 
controlling the fluorescent light for the purpose of sound 
photography are discussed, let us consider the various methods 
of forming the image, as the best method of modulation depends 
partly on this. 
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3. The Formation of a Narrow Tracing Stroke. In order that 
the upper audible frequencies may be traced without amplitude 
distortion at the given film velocity of 46 cm. per sec., the 
width of the tracing stroke on the film^^^ must not be greater 
than about 15-20 //. This applies equally to variable-density 
and variable area recording. As it is difficult to secure such 
a narrow slit which is at the same time uniform—even slight 
dirt or dust particles suffice to block up the aperture—the 
method of projecting on to the film a slit of larger dimensions 
which is reduced optically has been used in sound record¬ 
ing with Kerr cells, neon lamps, etc. The greater part of 



Fig. 424. Sound Recording without any Optical System 

the light available is lost in the process of optical projection. 
As the cathode-ray tube did not, at any rate at first, give any 
reserve of illumination, it was important to avoid projection by 
optical methods. A method of doing this, and formerly exploited 
successfully by Breusing, was employed for the recording camera 
shown diagrammatically in Fig. 424. Between the fluorescent 
screen of the tube and the film is a quartz double-meniscus lens 
over the convex and highly polished side of which the 
film passes. On the contact surface between the two lenses 
an opaque silver layer is fixed, and on this there is a gap 
of 12 ^ in width. The distance of the gap from the film is 
about 0‘15 mm. and is very small compared with the dis¬ 
tance between the slit and the fluorescent screen, so that a 
sufficiently sharp image of the slit is produced from the fluores¬ 
cent spot or stroke, which is oriented in the direction of the slit. 
Attempts have been made several times to protect the slit from 
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dust by a thin film of collodion. More recently it seems that 
even with the cathode-ray tube, general practice has been to 
form an image of the stroke by optical reduction. For this 



Fig. 425. Variable Density Record Obtained with Cathode-ray 

Tube 

purpose, small but very powerful optical condensers, parabolic 
mirrors, cylindrical lens systems, etc., in many and varied 



Fig. 426. Variable Area Tracing with Cathode-ray Tube 

forms have been used. The reproduction of variable area and 
variable density records obtained several years ago (illustrated 
in Figs. 425 and 426: sound recording by Friess) prove that 
even when optical projection is used the amount of light 
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available is quite sufficient for the control of normal positive 
and negative stock. In the case of these tracings, the anode 
voltage was of the order 2 000-2 800. 

4. Modulation of the Fluorescent Light. The fluorescent light 
should be capable of modulation to such an extent that at 
least the whole linear range of the gradation curve of the 
negative material is covered. The control should be linear 
over such a limited range. A change in position of the luminous 
source, which may give rise to errors, and frequency modulation 
must be avoided. The various methods of intensity control 
usual in sound recording are given below. 

Fundamentally all the methods for modulating the ray 
intensity given in the first part of the book can be considered 
for intensity control. Although a change in ])osition with 
voltage modulation can be easily avoided if the ray is not 
subjected to a deflecting field, anode voltage modulation has 
not attained any importance in view of the fact that con¬ 
trol voltages of the order of 1 000 volts are necessary. In 
practice, current modulation is employed. Control is made 
through the Wehnelt cylinder or similar electrode fixed near 
the cathode for varying the brightness. The control voltages 
required decrease as the slope of the control characteristic be¬ 
comes greater. At first, deflected light control without current 
modulation was carried out by deflecting the spot through a 
slit similar to the variable area process mentioned above. 
Compared with the method of variable area control given in 
Fig. 424, the difference consists in the fact that the direction of 
the fluorescent stroke is perpendicular to the direction of the slit. 
In this kind of brightness control it is desirable to give a bias so 
that operation takes place outside the zone of origin distortion 
in order to secure a linear sensitivity curve, and obtain high 
deflectional sensitivity. The kind of intensity control men¬ 
tioned above has not attained any great importance on account 
of the greater length of tube, greater disturbance due to external 
stray fields, and the ease with which over-loading can occur. 
The control range, like that of a Kerr cell, is not good enough, 
i.e. if very much overloaded brightness will diminish. 

Greater efficiency is secured more easily if the fluorescent spot 
has a shape similar to the narrow tracing stroke required on 
the film. There are various ways of giving the light spot an 
extended shape. The ray can be allowed to spread over the 
luminous screen, a strip of light being obtained by a suitable 
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mask, or it can be flattened out by very intense spatially 
concentrated magnetic fields. The second method has the 
advantage that change in 2 )osition under the influence of 
control of the illumination cannot easily occur even with 
the badly centred older systems. The position of the ray is 


held magnetically. By ad¬ 
justing the magnetic field 
the fluorescent stroke can be 
easily varied, and by alter¬ 
ing the magnetizing current 
its width can be changed. 
This method, developed in 
practice by Friess, ,has the 
advantage that the forma¬ 
tion of the stroke is not 
accompanied by losses 
which occur when mask¬ 
ing by an aperture is 
emi)loyc(l; on the contrary, 
the entire enei’gy of the 
rays is utilized Flattening 
out the ray has been often 
done by a combination of 
magnetic and electrical 
methods. Deformation of 
the spot by means of higli 
or medium frequency 
magnetic or electric* deflec¬ 
tion has also the advantage 
that strokes of uniform 



intensity are produced 
along their entire length. 
This is particularly the case 
if ray deflection is effected 


Fu, 427 The At thou’s Sot nd-fiem 
Ktcoudin(, Tt bk which has a Line 
S oi lu E ANE Two Electron-OPTWAE 


by a “saw-tootir’ oscilla- Lens Systems 

tion, and not a sinusoidal 


oscillation. It should be noted that in the case of older gas 
types the deflection frecpiency should be low (10^ eye.) if 
the effect of gas-focusing is to be maintained. The intrinsic 
value of the light intensity naturallj^ decreases owing to the 
distribution of the ray energy over a larger surface. At 
first this decrease, however, does not occur, or at any rate 


3I-~(T.36) 
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is very small on account of saturation and fatigue of the 
fluorescent screen. In practice, fluorescent strokes of 1 cm. 
length with a width of ^-1 mm. are usual. If alteration in posi¬ 
tion which is small compared with the width of the stroke takes 
place, it is advisable to make the stroke wider by a further 
deflection in a direction perpendicular to the stroke. This leads 
to a decrease in the luminous intensity and should, therefore, 
be kept as low as possible (deflection amplitude 1-2 mm.). 

Recently high-vacuum tubes have been adopted almost 
universally. Fig. 427 shows the construction of a tube with 
two electron-optical cylindrical lens systems. The group¬ 
ing of the accelerating electrodes, as also the electron-optical 



Fig. 428. Hian-vAruuM Socnd Film Recording Tube with Line 
Source for SrrKiiiMPosED Intensttv and Amplitude Recording 

path of the ray, corresponds in essentials to the tube construc¬ 
tion of Fig. 21, except that the slotted discs have taken the 
place of circular apertures. The circular form of electrodes 
has been chosen to obtain extensive co-ordination of the field 
structure for various radial directions. 

Proj)er centring of the system definitely ensures that the 
intensity of the fluorescent stroke appearing on the screen can 
be evenly controlled. Voltage changes of lO-lo volts suffice for 
light-dark control. An indirectly heated cylindrical cathode 
provides the electron emission. Fig. 428 illustrates another 
type of tube for sound-film photography. In this, flat or only 
slightly curved electrodes are employed. With this system the 
length of the fluorescent stroke is controlled at the same time as 
the intensity in such a way that dark adjustment gives a short 
and bright adjustment a long fluorescent stroke. As amplitude 
change occurs in correct phase, therefore, this reinforces pure 
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intensity control. The fluorescent strokes themselves are with 
these two types of tubes very narrow (< 1 mm.). Special 
magnets for adjustment are uimecessary, since the position of 
the stroke is constant. Special mention must be made of the 
fact that brightness control does not cause any change in 
position of the stroke. The anode current of the high-vacuum 
tubes described reaches values of 0*5 mA. or more, so that rela¬ 
tively low anode voltages suffice to obtain the necessary light 
intensity. Since screens of high secondary emission are used and 



P"i(j. 421». Electrode System of a Friess Tube for Variable 
Area Kecordino 


the large surface anode is placed near the screen, there is a very 
rapid and intense back current of electrons, and therefore dis¬ 
turbance by screen overloading is avoided. To obtain variable 
area tracing it is again necessary to aim at getting a long 
fluorescent spot whicli more or less fits the slit area as far as 
possible. Sometimes the deflection voltages employed in 
creating the stroke are modulated in order to trace sound 
without the aid of a slit. That such modulation even with saw¬ 
tooth oscillations—generally more satisfactory—is entirely 
successful has already been indicated in the chapter on electrical 
time deflection (Chapter II, page 308). 

A disadvantage of this modulation ])rocess is that, except 
when complicated compensating circuits are used, the density 
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decreases as the amplitude increases, because the ray energy 
is distributed over a greater surface. Within certain limits 
this fault can be reduced by over-control on exposure. The 
method indicated at the beginning of allowing a fluorescent 
stroke of uniform luminous intensity, more or less to fill the 
slit, is more generally known. The deflection of the stroke 
takes place before the ray is flattened out, so that the means 
of deflection can be brought as close as possible to the ray, 
to use the smallest control voltages or currents. Fig. 429 



Fia. 430. Assembly and Dimensions of Commercial Tubes 
FOR Sound Kecordinc. 

illustrates such an electrode aiTangement. Directly behind tlie 
anode a long narrow j)air of plates is fitted, and these provide 
relatively high deflection sensitivity. The modulating voltage 
is applied to this pair of plates. Behind them is a second pair 
of plates in the same direction but of lower sensitivity (shorter 
plates with greater distance between them). A medium 
frequency voltage is applied to this pair of plates to give 
the sweep. 

The formation of the stroke can be effected just as well 
by external magnetic deflection. Simultaneous connexion of 
low and high frequency to one and the same pair of plates 
—suitably designed chokes preceding them—has also some¬ 
times been used. In the preceding pages only those methods 
whose practical use is well known have been selected from 
many possible applications. Many other possibilities result 
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from the combination of other forms of construction and 
auxiliary circuits already mentioned in this book. Particular 
importance in future may be attached to sound photography 
by high-vacuum electron tubes which can be influenced by 
external means of focusing, and have therefore an additional 
independent control. 

5. Practical Construction of Photographic Units. Sound-film 
recording can be carried out successfully with ordinary oscillo¬ 
graph tubes. Nevertheless, it was not long before smaller forms 
of construction were adopted in order to reduce the length of 
the recording equipment. Fig. 430 gives the dimensions of 



Fici. 4.31. Operating Circuit for Soi’M) Rec’ojidincj with an 
Old Type of Gas-filled T \ re 

various old tyjies of sound-film tubes whicli can be used more 
or less universally, i.e. wliicli liave two or more deflecting 
plates. Cooling contrivances are unnecessary with such ray 
intensities, as the glass is never exposed to high temperatures. 
The life of modern high-vacuum tubes for tracing sound is 
between 100 and 1 000 hours according to the actual load. 
As s])ecial occasions may require, the tubes are fitted with 
electron-o})tical systems which give lise to sliar]) line- or 
sj)ot-shaped images. 

The proj)erties of the two types of high-vacuum tube which 
in recent times have become popular for practical purposes 
have been fully discussed above. Tlie dimensions are also 
sufficiently clear in the illustrations. With tliese tubes without 
deflecting plates the earthing of the current source will be 
made at the cathode, in order to work without high insulation 
in the brightness control circuit. As with high-vacuum tubes 
used for measurement, so in the case of sound-film photography 
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tubes, the use of a lens voltage of adjustable range is necessary 
to get the sharpest focus for the stroke. Suitable mains operat* 
ing circuits have been given previously in Chapter II, page 
186 et seq. 

Fig. 431 illustrates a circuit for operating older or gas-filled 
tubes for sound-film photography having one pair of deflecting 



Fig. 432 Transpori4ble Caihode-ray PiioroGRAPiiic Unit 
{Ftuss, A G ) 


plates. In the case of indirectly heated cathodes, heating by 
a.c. is permissible even with the restrictions imposed by sound- 
film photography. Of course, batteries as sources of current are 
necessary for portable sets or when the above-mentioned h.f. 
mains-connected equipment is employed. The latter requires 
only a small anode battery, possibly also an additional heating 
accumulator, and is therefore admirably equip] )ed as a portable 
set. The details of the construction of the tracing camera by 
Breusing Lignose have already been given at the beginning of 
tliis section. Pig. 432 illustrates the construction of a complete 
portable tracing equipment by Friess, A.G. At the top left 
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corner is the amplifier fitted with the various control 
instruments, and the control for the high-vacuum tube. A 
screened cable is led from this point to the cathode-ray tube on 
the right, which is movable, and is mounted in front of the 
projection condenser. The sharpness of the stroke can be 
controlled during tracing by the aid of a simple observation 
lens, and the modulation can also be controlled simultaneously 
in the same way. 

The arrangement of the tracing and observation systems in 



Fi(j. 43.S. Arran(ikment of the Opth’al HEFRODroTiox System for 
Observation of St.it 1ma(jk Di niNt; Uecordino { Freiss ^ A . G .) 

the Friess apparatus is shown in Fig. 433. The accumulators 
and batteries are housed in the lower part of the carrier. 

II. Use in Television Transmitters and Receivers 
As long as the principle of splitting up the picture into a 
number of points and their subsequent reassembly—^i.e. the 
raster process—is used, television will remain a typical example 
of high-speed high-frequency energy conversion. The forecast 
made with emphasis by F. Schroter<®^ some years ago 
that television would be possible by purely electronic methods 
without motors, discs, or mirror wheels, has been confirmed. 
The line of development of television, taking the latest results 
into consideration, is following that taken by h.f. oscillatory 
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circuits in other spheres of application. The tendency to replace 
mechanical devices by high-vacuum electron tubes which are 
practically free from inertia, or gas-discharge tubes with very 
little inertia, is always in evidence, as the technique of ampli¬ 
fiers, d.c. rectifiers and converters has shown. 

1. Fundamental Principles. The cathode-ray tube has all 
the properties necessary for the maintenance of tlie development 
of television progress. Its fundamental advantages are— 

1. Elimination of all mechanical drives and therefore 
perfectly silent operation. 

2. Only very small ])owcr is recpiired for deflection and 
modulation, so tliat the power consumption for amplifi(*ation 
and synchronization is always small. 

3. The position of the ray and its intensit y are not (‘ontrolled 
by separate devices as in mechanical units. 

4. As a rule, there are no absorption and aperture losses due 
to complex optical systems. 

5. Ideal spatial light distribution of the screen image. 

6. The ray output can be used Avithout screening, i.e. without 
loss in the production of fluorescent light. 

7. As a result of the freedom from inertia of the ray, methods 
of control which enable sudden changes in velocity to be made 
can also be employed. 

8. The uniformity of the picture raster de[)ends only on 
the apjnoximate shape of the deflection curve instead of on 
the precision and finish of exf)ensive mechanically-operated 
components. 

9. It is possible to scan with varied numbers of lines and 
picture frames by simple alteration of the design. 

10. The change-over to other scanning systems can be made 
by the addition of a small switching cir(*uit. 

11. The tube is constructed of simple and cheap components. 

2. Historical Survey. The advantages enumerated were to 

a great extent recognized early in the development of tubes. 
Rosing, with considerable foresight, suggested the cathode-ray 
tube in receiving ecpiipment as early as 1907. Suggestions 
equally prescient arc associated with the names of Campbelh 
Swinton, Nicolson, Dauvillier, Dieckmann, Sabbah, and 
Skaupy. Besides the suggestions of the above-named inventors, 
there is a large number of publications containing other ideas 
which are for the most part of little practical importance, and 
are, therefore, omitted here. Almost all the earlier suggestions 
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patented were never put into practice. The technique of 
amplifiers, photo-cells, and cathode-ray tubes had not advanced 
sufficiently for this to be done. The first tentative experiments 
were carried out in 1924 by Dauvillier, and a little later by 
Dieckmann who had already shown silhouettes of simple 
geometrical figures at the Munich Trades Exhibition. Such 
work had perforce to remain as first attempts because only the 
knowledge then in existence could be employed. The de¬ 
velopment of the cathode-ray tube receiver according to plan 
was tackled ])ractically in 
America by Zworykin, and 
simultaneously in Germany 
by the author. In both (;ases 
the individual com])onents 
were subjected to investiga¬ 
tion and improv^einent be¬ 
fore work on the (combined 
equipment took place. 

Zworykin paid particular 
attention to the develop¬ 
ment of photo-cells and 
cathode-ray tubes, whilst 
the autlior turned to the 
devel( )pin ent ()f aperiodi c 
amplifiers and cathode-ray 
tubes. 

In a lecdure in »January, 

19:50, proof was given by a demonstration that the cathode-ray 
tube, as far as spot sharpness and brightness were con¬ 
cerned, was a fully developed laboratory product, capable 
of })roducing a well illuminated life-like picture. Thereafter 
the problem of controlling the brightness without change 
in position was given attention until it appeared that the 
united experiments would lead to satisfactory results very 
quickly. In the meantime, Zworykin obtained the first pic¬ 
ture, still using a sine wave scanning curve. The first evenly 
illuminated moving pictures with uniform spot sharpness, the 
quality of which equalled or excelled the pictimes obtainable 
at the same time by mechanical means, were produced by the 
author between November, 1930, and April, 1931. From the 
very beginning of the ex})eriments, line-scanning by saw-tooth 
oscillation circuits having a. linear voltage rise was adopted, as 


Fig. 434. Telkvized Pictcre on 

THE FlTTORESCENT SCREEN 

(December, 1930) 
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this was shown to be far superior to line scanning with sine 
wave voltages. Fig. 434 illustrates the first photographed 
fluorescent screen picture with half-tones, w^hich was shown 
in December, 1930. A few months later it was possible to exhibit 
to a large audience motion pictures of the quality shown in 
Fig. 435, an unretouched ])hotograph of the fluorescent screen. 
This picture corresponds to about 9 000 picture points, and 
shows precision control of the illumination over the whole 
field. Furthermore, it shows very strong contrasts with good 





Fig 43.J Unkftoiched PH(rjoGK\rH of \ Fli orkscfnt S( reen 
PiCTT RE {von AtfhntK, Ap)ih li)31) 

production of half-tones. Tn addition, disturbance of the 
picture by origin distortion has been avoided. An intensive 
development of the cathode-ray receiver began in many 
places, partly as a result of these facts which were made known 
by lectures. In this connexion the work of Hudec (Reichs- 
postzentralamt), who ])aid special attention to scanning and 
synchronizing with discharge tube circuits, and who in the 
autumn of 1931 showed motion pictures with separate synchro¬ 
nization, should be mentioned (Radio Exhibition, 1931). 
Television by cathode-ray tubes has been considerably 
advanced by systematic work by the Telefunken Co., carried 
out under the direction of F. Schrbter. The experimental 
work of the Telefunken Co. on complete units began prac¬ 
tically simultaneously with that of Hudec. The first public 
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demonstrations of high definition were made at the Radio 
Exhibition in 1932 (about 10 000 picture points and separate 
sy n chronization). 

After it was recognized from the author's experiments in 
the spring of 1931 that the limits of quality were determined 
primarily at the transmitting end, and means for the antici¬ 
pated inauguration of high voltage oscillograph technique as 
a further effort to solve the problem were not available, the 
author turned his attention to velocity modulation suggested 
by Thun. Demonstration of low definition pictures by velocity 
modulation were carried out in the spring of 1931. Pictures of 
a quality approximating to that obtained by intensity modu¬ 
lation were shown .at the end of 1931. 

In the period which followed, the interest in television and 
the number of physicists at work on the solution of the problem 
greatly increased. By systematic and detailed work, many of 
the minor problems associated with it were solved. In par¬ 
ticular, high-vacuum television tubes, synchronization which 
gave stable operation with wireless reception, and ultra-short- 
wave transmitters and receivers which cover the required wide 
frequency bands, came into being. The forecast that the 
standard of efficient transmitters, which until recently corre- 
s})onded to about 40 000 picture points with 180 line per sec. 
scanning and a jjicture repetition of 25 per sec., would be 
exceeded, has now* been })roved by the present-day transmitters. 
Modern valves as well as discharge circuits and receivers are 
so far develoj)ed to-day that they should be able to cope wdth 
further increase in the number of picture points. 

3. Cathode-ray Television Transmission and Picture Scanning. 
The cathode-ray tube was also suggested many times in its 
early stages for transmission purposes (Schoultz, Zworykin, 
Sabbah, Farnsworth). 

The basic idea of all the older proposals was that in place 
of the luminous screen there should be a photo-electric mosaic 
on to which a picture was projected, and this was to modulate 
a carrier wave by the scanning cathode ray. The suggestions 
for attaining this end w'^ere very varied, and were not entirely 
faultless either electrically or in accordance with the quantum 
theory. 

The knowdedge of how to produce the necessary photo-active 
films or raster elements with the desired uniformity, and how 
to eliminate technical troubles associated wdth the vacuum, 
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which were still not entirely overcome, has only recently been 
acquired. In addition, many of the old suggestions only 
became practicable as a result of modern electron-optics. 
Among the various processes, one deserves special mention, 
since by it an integration of the light impression throughout 
the whole duration of the picture is possible as distinct from 
the usual scanning process in television. Only by the use of the 
integration method employed with the iconoscope, which has 
been developed by Zworykin is it now possible to transmit 
pictures of normal brightness. Great as is the undoubted 
importance of this and similar processes in the future develop¬ 
ment of television technique, it is not intended in this section 
to go further into the forms of construction existing to-day, 
but only to refer to the appropriate literature. The author will 
confine himself to such arrangements as are operable with tubes 
similar to those used for making measurements, or television 
reception tubes which are available to everybody. 

A suggestion for the use of ordinary cathode-ray tubes for 
scanning positive transparencies or films originated from Thun 
(summer, 1930). This suggestion became a reality some time 
later by the work of the author. As it has been retained in 
principle until to-day, this suggestion with its practical realiza¬ 
tion will be discussed in this section in more detail. The prin¬ 
ciple of this transmitter is explained by reference to the experi¬ 
mental device shown in Fig. 436. The deflecting plates of the 
receiving and transmitting tubes are connected in parallel so 
that with suitably selected line scanning voltage (voltage at 
the vertical plates) and picture repetition frequency (voltage 
of slow frequency at the vertical plates), the rays in both tubes 
are in synchronism and scan a rectangular surface in successive 
lines. The resulting picture on the fluorescent screen of the 
transmitting tube is projected sharply through a powerful 
condenser lens on the positive transparency to be transmitted. 
A photo-cell is arranged behind the positive transparency. A 
certain amount of light corresponding to the position of the 
fluorescent spot at any moment falls on the photo-cell. The 
magnitude of the light stream depends on the amount which 
gets through the transparency at the j)oint of projection of the 
spot. When tubes such as those described in this book are 
used with anode voltages which may reach 8 000 volts, voltage 
variations are produced across the j)hoto-cell which are well 
above the noise level, i.e. are easily amplified. The amplified 
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potentials in the diagram discussed are taken to the receiving 
tube where intensity modulation takes place by means of the 
brightness control electrode. This simple arrangement enables 
many interesting experiments to be made with excellent results, 
using tubes generally employed for measuring purposes at the 
transmitting end, television tubes on the receiver side, ordinary 
mains and discharge equipment, and photo-cells with argon 
filling in conjunction with aperiodic amplifiers (see above). It 
is particularly well suited for demonstration purposes. 

(a) Choice op Scanning Voltages. At the beginning of 
the development the choice of scanning voltages lay mainly 
between sine wave and saw-tooth oscillations. Scanning with 



Pig. 436. Compact Circuit for Television Experiments 


sinusoidal wave forms has the advantage that extremely low 
demands are made on receivers and amplifiers, and that the 
selection of picture and line voltage is particularly simple. The 
production of the picture and line voltages can be made easily 
by suitable sources of frequency. Although sinusoidal deflection 
appears so advantageous it is not used in practice. Considerable 
variation in brightness takes place with sine wave deflection 
due to variable ray velocity. The edge of the illuminated sur¬ 
face limited by the point of reversal appears very bright; the 
centre on the other hand is relatively dark. This can be 
mitigated by masking the edge of the picture, a measure 
which is in any case advisable at the receiving end in order 
to obtain a sharply-defined edge to the picture. A further 
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disadvantage is the resultant mean picture brightness which is 
low in comparison with scanning by means of saw-tooth oscilla¬ 
tions. The irregular speed of the scanning produces a variation 
in the amount of detail possible on the picture. The middle of 
the picture on which, in particular, attention is centred is 
scanned most rapidly, and therefore produces the worst tracing 
as long as appreciable time lag influences the choice of line fre¬ 
quency. If serious inertia is present subsequently, which is 
probably always the case, this will, in the case of sinusoidal 
scanning, adversely affect the contours of the line much more 
than scanning in one direction. It is known that inertia causes 
not only contour diffusion but also a time displacement of the 
picture elements. This displacement becomes noticeable imme¬ 
diately with the forced synchronization of the experimental 
arrangement discussed, if the scanning frequency is chosen 
too high in respect of the inertia of the arrangement. As a 
rule it is clearly seen before contour diffusion which actually 
starts simultaneously with it. Displacement due to inherent 
inertia is not serious in single direction scanning, but with two 
direction motion, as is the case with sine wave control, dis¬ 
integration of the picture sets in and compels operation to be 
made with an unnecessarily low line frequency and corre¬ 
spondingly low number of picture points. The effect of the 
disintegration has been discussed elsewhere by the aid of 
examples.In view of the above, scanning should only take 
place by means of saw-tooth oscillations. All the necessary 
details about the effective production of these oscillations are 
to be found above (Chapter II, i)age 245 et »ser/.). It is of par¬ 
ticular importance that the time occupied by the fly-back 
should be kept as short as possible. Return traverse of the 
picture scan is particularly serious. It gives rise to streaks of 
light which run right across the field of the picture, and on 
the dark portions are particularly annoying in the receiver. 
Return traverse in the line scan also has its disadvantages in 
that the picture width, and therefore the possible number 
of picture points and the possible contrast interval, are also 
reduced. In order to avoid disturbance due to the fly-back at 
the actual discharge, various methods can be adopted. 

1. By reducing the time constants of the discharge circuit 
as far as possible, the actual resetting period is kept small 
and is only a few per cent of the duration of the actual cycle. 

2. Line and picture voltages are coupled together so that 
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the return traverse occurs at a corner or side of the picture. 
To do this it is necessary to suppress the line traverse for a 
short period during the fly-back of the picture traverse. (Hudec 
method.) 

3. During the picture return traverse, a local auxiliary cir¬ 
cuit, or better still the transmitter, produces an impulse which 
obscures the ray. (The author’s suggestion.) 

The following points require consideration in the selection 
of line and picture frequency. The necessary picture frequency 
depends on whether the screen or the receiving tube has any 
after-glow. Very soon after the first practical experiments 
were made on after-glow screens it became evident that with 
the usual cliaracter of the illumination curve, considerable 
disturbance occurs even v^hen relatively slow movements occur 
in the i)icture. Immediately afterwards, screens with the 
shortest after-glow were used. As the illumination curve 
cannot be altered or the luminosity suddenly changed, it is usual 
to-day to employ fluores(*ent materials of short after-glow in 
receiving tubes.To transmit sound films, a picture frequency 
of 24 per sec, should be selected, since this is just sufficient 
to avoid flicker. Indeed, if the picture brightness is increased 
further, it may be necessary to raise the picture frequency to 
3() or even 4S per sec. At a given picture frequency, the line 
frequency should be so adjusted that tracing in the line and 
picture directions is equally good. The standard of fineness 
in the picture now usual requires line frequencies of the order 
of 4 oOO to 0 000 eye. or more.^®^ Hudec, and about the same 
time the author, suggested that the line frequency should not 
be chosen as a whole multiple of the picture frequency, so that 
the lines may change slightly in position. Line movement 
produces a better visual im})ression.<"^ The artifice of line 
movement can be dispensed with if the size of the fluorescent 
spot or the magnitude of the discharge voltages used is so 
adjusted that the lines close up to each other without any 
considerable intervening space. 

It is advisable to have closer contact of the lines on the 
transmission side also. An unnecessarily large line interval 
does not produce any considerable decrease in definition, but 
does lessen the luminous efficiency according to the optical 
laws of projection. Here, let us refer shortly to the static limits 
which require consideration both in the use of the receiver 
and the transmitter. 
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(b) Static Limits to Picture Definition. The most 
important limit is set by the number of fluorescent spots which 
can be aligned without any appreciable overlapping on the 
luminous surface of the screen. With smaller sizes of bulb the 
illuminated surface, allowing for the curvature of the screen 
and its dimensions, is an area of about 10 x 12 cm.; with larger 
and special bulbs, the glass work of which cannot be considered 
as material in regular commercial production, the size of 
the picture is, say, 15-18 x 18-22 cm. The diameter of the 
fluorescent spot in the usual arrangement is of the order of 
0*5 mm. in the small and medium size, and about 1*0 mm. for 
the largest size, so that there is room for 40 000 or more picture 

points close together in the field. By 
shghtly altering the design of the elec¬ 
tron-optical system of the source of the 
rays, the point diameter can be reduced 
" still further. But such alteration results 

in a (ihange of the brightness of the 
spot. The grain of the screen is the 
cause of a further static limit which 
of^the^Fluoki^cent attention at the receiver end. 

Screen and the Fig. 437 gives an idea of the extent to 
Picture Point which the grain can limit the gradation 
attainable. This illustration shows that 
the grain cannot be disregarded as a picture fault, and that 
the production of very fine-grained fluorescent screens is 
important for transmitters and receivers. 

Another static limit which reduces seriously the contrast 
of the television picture in the usual type of tube is set by the 
halo disturbance already discussed in detail. Pictures with 
good contrasts (Fig. 434) cannot be obtained until the halo 
has been reduced by one of the methods previously discussed 
(Chapter I, page 141 et mq.). 

If the static limits permit of the existence of the required 
number of picture points, and if the deflecting voltages of the 
time-base are selected in accordance with the above considera¬ 
tions, then the most important conditions for good picture 
scanning at the transmitter and picture synthesis at the 
receiver are fulfilled. 

(c) An Electron-ray Scanning Transmitter for Film 
AND Its Limitations in Operation. Fig. 438 shows a com¬ 
plete view of a cathode-ray transmitter used in the author’s 
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earlier experiments. In the background is the cathode-ray tube 
with the mains equipment for several thousand volts. In front 
of the tube is the device for moving the film. This is more 



i* H 


Fig. 438. Transmitter with Cathodl-ray Tire ior Film 
Scanning 

clearly shown in a later photograph. The box containing the 
photo-cell and first stage ampUfier is arranged in front of the 
film drive, and at the side of the main amplifier. Details of 
such amplifiers are to bo found above in Chapter II, page 

32—(T.36) 
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194 et seq. Optical errors due to the curvature of the bulb 
of the tube can be ignored in this case. With very powerful 
condensers, which must be used for this purpose, the decrease 
in brightness towards the edge of the picture is very considei - 
able. In television this decrease in brilliancy is very trouble¬ 
some. Consequently, it becomes necessary to use objectives 



Fi(,. 439. Film Drive with Opticai. Kkphodi civg System and 
Contact tor Picti re Time Bask 

of relatively long focal length (7-5 cm. or more) if the whole 
of the film frame is to be illuminated evenly. The methods of 
moving the film and the high power optical system of long 
focal length are clearly shown in Fig. 439. Synchronization 
between the film drive by the Maltese cross and the time 
discharges which is necessary in transmission, is carried out 
very easily in the example shown by picture time base operating 
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through a mechanical contact, which is coupled directly to the 
film drive. This contact is introduced into the time base 
discharge circuit in place of the discharge tube, and operates 
very rapidly. By connecting a resistance of several hundred 
ohms in series, it is possible to reduce the impulse somewhat. 
By using special valves with low microphonic noise in the first 
stage, disturbing voltages due to the Schrot effect are kept below 
the signal voltage in spite of noises and heavy vibration. 

Two limitations which are very difficult to surmount in 
the development of 

cathode-ray scan- ^ 

ning transmitters - » 

are those set by the ,, 

amount of light 
available and the 
inertia of the trans¬ 
mitting fluorescent 
screen. 

The first limit is 
set by the condition 
of the grid circuit 
in the first stage. 

If a specified mini- .... t 

^ I . Fi(3. 440. Line Raster at the Receiver End 

mum time lag is Modilatku by Schrot Voltage 

demanded from the 

photo-cell and first amplifying stage, then a certain maximum 
sensitivity will be attainable. But this sensitivity is less the 
smaller the time constant involved (see Chapter II, page 
218 et mj.). 

If, in the process of scanning, the current due to the light 
change which occurs falls below this limit, i.e. if the signal 
voltage falls below the Schrot voltage, then only tlie impression 
which is characteristic of the SchrOt voltage can be reproduced in 
the picture in the receiver. Every trace of the true image of the 
picture then disappears. Fig. 440 represents an old photograph 
of a line raster at the receiver end, strongly modulated by the 
Schrot voltage. In order to provide a sufficient degree of con¬ 
trast, it is necessary for the change in photo-electric current 
which occurs from light to dark to j^rovide a potential of at least 
1volts across the grid resistance. It is possible to attain this 
condition with a time constant of about 7 hm)\httf sec. by using 
modern cathode-ray tubes with efficient cathodes under 
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favourable operating conditions, and by the employment of 
particularly good photo-cells in a circuit with low capacitance. 
In order to obtain fine picture scanning at increased picture 
frequency with the cathode-ray transmitter, it is necessary to 
use high-vacuum, high-voltage oscillographs. By using high 
voltages for electron acceleration, the increased brightness 
which is necessary when working with lower sensitivity photo¬ 
cell input circuits, which have lower time lag, is obtained. 
The question of screen inertia and its measurement has already 
been discussed ])reviously (Chaj)ter I, ])age 105 et seq.). If the 
resultant inertia of the photo-cell and amplifier circuits is less 
than that of the screen it is very simple, with the experimental 
contrivance shown in Fig. 436, to follow the effect of screen 

inertia on the televized 
picture. To do this it 
is only necessary to 
oscillograph the alter¬ 
nating output voltage 
which is produced if 
a narrow gap perpen- 
dicnilar to the line 
direction is masked 
off’ from the scanned 
picture. If the line 
frequency is raised 
above its normal value, then the effect of inertia will become 
more apparent; if the line frequency is slowed down consider¬ 
ably, it is possible to recognize the part played by the final 
spot diameter in limiting the definition. 

An oscillogram for making apparent the inertia present at 
a line frequency of about 1 000 eye., which is chara(;teristic of 
the possible definition for the older contrivance under examina¬ 
tion, is given in Fig. 441. The ordinate gives the value of the 
voltage supplied by the photo-cell amphfier, and the abscissa 
the time interval, which at the line frequency mentioned 
amounts to 0-001 sec. from the beginning to the end of the 
scan. In order to find out how far the inertia of the screen, 
the picture point diameter, and other sources of lag in the 
arrangement are responsible for the lack of sharpness which 
results, it is advisable, in addition to the measurement indi¬ 
cated, to carry out further investigations with very rapidly 
rotating mirrors or with devices in which the fluorescent spot 





Fig. 441. Oscillogram for Testing the 
Tracing Rfficiency of a Television 
Transmitter 
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is moved at different high speeds in front of a slit. In the 
last method mentioned, measurements should be made with 
a calibrated, and well-screened photo-cell circuit to ascertain 
what variations occur with change of frequency. Fig. 442 
shows a special slit arrangement ])roduced for this purpose; 
slits of varying width can be brought up in front of the fluor¬ 
escent stroke. By masking the centre portion, a doubling of 
the frequency can be obtained, and this is desirable in order to 
avoid disturbances. 



Fk.. 44J. Iniekmittent Illi mina'iion row Mevsi kin(. Ai-ter (.low 

BY AlinANOlNG A SlIT IN FrONT OF THE PaTII Ol' THE RPOT 

Deflected by H.F Impulses 

The method of investigation is simpler than the previously 
mentioned one using modulation of tlie ray intensity, as it is 
easier to control and correct frequency errors. For instance, 
correction is made always by adjusting the screen deflection 
to the same value. Investigations by this method confirm the 
results already given, that a calcium tungstate screen has a 
time lag of about , - and with modern screens the 

value is less than mttmjuTi set'¬ 
ll! the more modern forms, the film transmitter mentioned 
permits of the scanning of pictures of very fine grain. The 
reason why the cathode-ray transmitter has been treated at 
some length in this section, is that the mechanical devices 
common to-day in transmitters do nob, by any means, allow' the 
line and picture scanning frequency or the method of scanning 
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to be changed as quickly as the cathode-ray transmitter. 
Mechanical transmitting devices for scanning with velocity 
modulation are quite useless. 

4. The Cathode-Ray Television Receiver. The use of the 

cathode-ray tube for television reception presents four main 
complex problems. 

1. The production of sufficiently small well-defined fluores¬ 
cent spots. 

2. The attainment of the maximum possible brightness in the 


resulting screen spot, and 

3. Accurate control of the 





Fig. 443. Relation between 
THE Intensity of the Fli or- 
ESCENT Light Produced by 
THE Kay and the Anode 
Volta(;e 

From an old tyjw (ft jia«n-fill»‘d tiibr- 
with a larKc diameter sjj<»t 


3refore in tiie picture scanning, 
brightness. 

4. Accurate control of the posi¬ 
tion of the spot in synchronism 
with the transmitter scanning. 

The first and third of these 
problems have been fully dis¬ 
cussed in various parts of this 
book. There is, also, especially 
ill the sections dealing with 
cathode and fluorescent screens, 
detailed information (concerning 
the second j)roblem. Neverthe¬ 
less, in view of the importance 
of the combinations for the suit¬ 
ability of the cathode-ray tube 
for television we will, at this 
point, make a few observations, 
some of which will be illustrated 


by examples. 

(a) The Brightness Attainable. Measurements made 
with an old gas-filled tube with a rather large s})ot diameter and 
parti(3ularly high ray current, of the relation between total 
light intensity of the fluorescent illumination, the anode voltage 
and effective ray output, are given in Fig. 443. In this case, 
the energy of the ray was distributed over a surface of about 
25 cm.^ The w^ay in which the efficiency of the screen in 
this range varies with the voltage is clearly shown, and is 
an important reason for not working with too low an anode 
voltage. 

The existence of luminous screen saturation as a consequence 
of the limited number of centres of excitation, means that the 
light density does not decrease proportionally to the increase 
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in the area of the scanned surface. On the contrary, 
the brightness, starting with the values measured from the 
smaller surfaces, decreases more slowly than would be expected 
from the arithmetical law of decrease in brightness. This fact 
is favourable to the attainment of larger and brighter pictures, 
but unfavourable to the creation of smaller pictures in tubes 
for projection puri)oses. Further details of the question of 
screen saturation are to be found in Chai)ter I, i)age 127 et seq. 
By means of the brightness characteristic, an estimate can 
be made of its value in lux for each position of the operating 
point on the scanned surface, and the size of each picture. 

By reversing a well-known equation, it follows that 

Intensity of illulnination in lux 

candle-power (Hefner) (spot brightness) . 10^ .71 
cm. 2 (picture surface) x 0*8 

For exain})le, from the characteristic (No. I, Fig. 51) of 
a modern receiving tube and the above equation, we get for a 
scanned surface area 18 x 22 cm., a value of above 45 lux, 
and for a picture area of 13 x 16 cm. a corresponding lux 
value of 80. The brilliancies are of the same order of illumina¬ 
tion as those existing in average cinemas. They are, however, 
somewhat high for picture frequencies of 25 usual in television 
to-day. According to the relative observations made by the 
author, the flicker limit at these picture frequencies is reached 
at 5 to 10 lux. Even when the picture frequencies are increased 
to 30 or 35, the brightness of the scanned surface may not be 
increased beyond 20 lux, and even smaller lux values have been 
recorded for the flicker limit. 

Witli intensity control, however, the mean light intensity 
drops to about one-fifth in comparison with the intensities 
given in the measurements, if sufficient contrast is to be 
obtained. With velocity modulation, the mean light intensity 
is about equal to that obtained from measurement, since in 
this case the whole of the ray energy is used for exciting 
fluorescence. With velocity modulation particularly, the lumi¬ 
nous intensity of small screen pictures is sufficient to project 
enlarged images, in spite of absorption and aperture losses, 
without the brilliancy of the reproduction being reduced too 
much. Fig. 444 illustrates this in the form of an earlier 
projected screen picture. The efficiency of this method of 
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Kt(. 444 PlCllRL IROM AN (>T1) Tm I OI PROTJCTION KkIIVLR 
IN OI’I^RATION (|f» IrdetUK hb Ibil) 



Ftg 445 Televized Picture from an Old Type op Oas-pilled Tube 
( a) Normally modulated, (6) and (c) over-modulated 
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brightness control can best be ascertained from the sharpness 
of the lines forming the boundary between black and white 
portions of the picture. Figs. 445 and 446 illustrate the way 
in which errors in brightness control become noticeable. The 
human eye is very sensitive to this type of distortion in the 
body of the picture. 

With modern high-vacuum tubes, the brightness control 
errors illustrated (Fig. 446) can be ignored. The construction 
of special tubes for television differs from that in the case of 
tubes designed primarily for making measurements, by the 



Fi(. 44(i. Tklkvtzed PiCTrRE Distorted bv Faflts in the 

I ELI MINATION AND DEFLECTION CONTROLS 

fact that larger ])i(‘tures are required, particularly large bulbs 
and fluorescent screens are used, or else the screen and bulb 
design must be suitable for projection. If finer scanning is 
adopted, then it is necessary to select a definite size for the 
picture if the full effect of the greater detail of the finer scanning 
is to be appreciated, bearing in mind that the minimum 
distance of distinct vision for the eye is 25 cm.^^®^ 

The synchronization of the ray motion between the trans¬ 
mitter and the receiver is of particular importance. 

(b) Considerations in the Construction of a Receiver 
WITH Special Reference to the Synchronization of the 
Movement of the Ray. The simplest form of synchronization 
consists in the parallel connexion of the deflecting plates on 
the transmitter and the receiver end. This parallel connexion is 
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also possible in principle for wireless transmission. For inten¬ 
sity modulation three channels would be necessary. The 
advantage of parallel connexion is that the receiver remains 
synchronized in spite of any variations at the transmitter. 
For wireless transmission the method of forced discharge has 
been established. 

All the necessary information about the production of elec¬ 
trical synchronization has already been given previously 
(Chapter II, page 250 et seq.). In order to avoid picture 
distortion, the saw-tooth voltages must have a good 

wave form when used for televi- 



FiG. 447. COMMLTAIOR rOR 

PRODG CIS (t MeC HA^ ICALL\ 

A Synchronized Line 
Frequlnc\ 


sion purposes. In addition, con¬ 
stancy of the disclmrge circuit is 
necessary over long periods in order 
that synchronization of both dis¬ 
charge voltages may not be upset. 
Fundamentally, the conditions 
a])pear more c‘omplicated than with 
mechanical scanning in view of the 
double synchronization of picture 
and Une voltage. In practice, how¬ 
ever, they are simpler, because the 
power required is smaller, necessi¬ 
tating a lower output stage, and 
the time constants of the circuits 
involved are small. 


As the constancy of the usual local supply is not sufficient 
to synchronize the picture and line discharge voltages of the 
transmitter over long periods, it is necessary to make the 
transmitter force the receiver into synchronism. In practice, 
it has become usual, in accordance with Hudec’s process, to 
superimpose a short impulse at the end of each line, and a 
corresponding impulse at the end of each ])icture on the video 
frequency signal at the transmitter end, these signals being 
of comparatively large amjditude. The formation of syn¬ 
chronizing impulses can be made with the assistance of very 
accurately constructed contacts which are j)laced on the 
axis of the scanning disc or mirror wheel. Fig. 447 shows such 
a special contact arrangement which was made for experi¬ 
mental purposes. In modern practice the controlling impulse 
is usually created by punching an additional circle of holes 
next to the actual scanning apertures in the Nipkow disc. One 
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of the synchronizing slots which are spaced round the circum¬ 
ference of the disc is widened and provides the picture change 
impulse. A typical disc for the formation of short synchron¬ 
izing impulses at the end of each line and a long impulse at 
the end of each picture is shown in Fig. 448. In front of the 
series of slots, a special projection system is arranged and this 
provides the synchronizing impulse through a second photo¬ 
cell and an amplifier of lower sensitivity. Details of this 
system are to be found in a publication by Hudec and 
Perchermeier. 

The suitability of the wave-band 
of 5-8 m. for the transmission of 
wide frequency .bands which was 
forecast for television transmission 
some years ago by W. Hahnemann,* 
on the basis of practical observa¬ 
tions, and later more nearly estab¬ 
lished after F. SchrOter^^^) carried 
out measurements in this connexion, 
has been confirmed entirely in 
firactice. Furthermore, it has been 
proved that only such circuits for 
picture reproduction as make the 
latter faithful in phase and amplitude 
down to the lowest frequencies, and 
also transmit the d.c. value corresponding to the mean picture 
brightness, are worthy of consideration. The modern picture 
receiver almost always contains an intermediate frequency cir¬ 
cuit with a very efficient aperiodic intermediate frequency 
amplifier without amplification in l.f. stages.The brightness 
control voltages are taken direct from the intermediate fre¬ 
quency detector so that the d.c. value is thus obtained. A cer¬ 
tain clarification in respect of the most effective method of 
forming synchronizing impulses for picture and line time bases 
seems to have been reached through the definite experience 
obtained from the Berlin experiments with the Schriever pro¬ 
cess.The construction of the intermediate frequency receiver 
for the required band width is purely a h.f. problem, a discussion 
of which would be beyond the scope of this book.^^^^ 

The high frequency applied to the last stage of the 

♦ Vide {hUer alia ) Fr. Pat. No. 682924. Gr. priority 20th October, 1928, 
and 27th March, 1929. 



Fig. 448. Nipkow Disc 
(H rDEc) FOK Producing 
A Short Synchronizing 
Impulse at the End of 
Each Line and a Long 
One on the Completion 
OF Each Picture 




Fig. 449. Diagham of a Co]vrpi.ETE Television Receiver 
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intermediate frequency section as shown by the diagram of a 
television set given in Fig. 449, reaches the receiver detector 
as well as an amplitude filter which will be discussed in more 
detail later. As already stated above, the simultaneous use of 
the d.c. components is a condition of distortionless reproduc¬ 
tion. It is most easily carried out by coupling electrically the 
receiver detector and the brightness control electrode of the 
cathode-ray tube. The easiest way is to rectify in the cathode- 
ray tube itself. This type of rectification, however, has the dis¬ 
advantage that the ray current of the cathode-ray tube can only 
be used for a fraction of the time, so that relatively dark 
pictures result. Proof of this statement is provided by the 
diagrammatic illustration, Fig. 450. Actually, the conditions 
are rather less favourable than the illustration indicates in 
consequence of the displacement of the operating point into 
the range of less negative grid voltages due to the synchroniza¬ 
tion static value. If the intermediate frequency voltage sup¬ 
plied to the last stage is suited to the cathode-ray tube, i.e. if 
the peak value of the intermediate frequency reaches the grid 
voltage value, when the tube current is as great as is consistent 
with good definition, the average picture brightness from 
rectification in the cathode-ray tube is only one-third of that 
))ossible by other methods of operation. As a reserve of 
brightness is essential, rectification in the cathode-ray tube 
is not recommended for }>ractical application. Considerably 
better conditions exist, as can be seen immediately, if rectifica¬ 
tion is not carried out in the cathode-ray tube itself as a half¬ 
wave rectifier, but in a separate rectifier preceding the cathode- 
ray tube. With full-wave rectification, even at relatively low 
intermediate frequencies, about 60-80 per cent of the maximum 
ray current is usefully employed, according to the extent to 
which the fluctuations due to the intermediate frequency are 
smoothed out by parallel capacitances. It is possible at inter¬ 
mediate frequencies of 6 me. to use the cathode-ray tube even 
with half-wave rectification almost as well, as is shown diagram- 
matically in the drawing. Fig. 450, for full-wave rectification. 
When such high intermediate frequencies are employed, it is 
necessary to use band-pass filters as coupling devices. The 
proof that the wide frequency bands can be transmitted per¬ 
fectly in this way is given in an American work.* Fig. 451 
illustrates a practical example of a simple rectifier circuit. A 
* See Reference at end of Chapter I. 
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Fjg. 460. Rblation between the Method of Intermediate Frequency 
Rectification and the Maximum Ray Current of the 
Cathode-ray Tube 
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limit to the smoothing out of the fluctuations by the capacitance 
on the output side of the rectifier is naturally set by the decrease 
in sharpness of the picture due to the discharge time. It is 
advisable, therefore, only to use this with great care. A proper 
compromise can be made easily by suitable choice of the 
resistance R in Fig. 451. If the assembly and the conductors 
are low in capacitance, the resistance can be brought up to 
values of the order of 10^ ohms without the sharpness of the 



Fig. 451. Full-wave Rectifier for Long Wave Intermediate 
Freqit^noy 


picture being noticeably affected. With an ohmic resistance 
of this magnitude, voltage changes of 10-20 volts are necessary 
for the light-dark control of the cathode-ray tube, and can be 
obtained with relatively low amplifier output, so that the last 
stage need be scarcely designed for greater power than the 
other stages of tlie intermediate-frequency amplifier. Also, 
when full-wave rectification is used, intermediate frequencies 
up to about 1*5 me. still remain clearly visible in the television 
raster. The intermediate frequency gives the picture the 
appearance of a printed illustration. According to the proposals 
of Schriever mentioned above, the Berlin transmitter is con¬ 
trolled in the following way. The normal aerial current is 
adjusted to values between 25 per cent and 30 per cent to 
correspond to the darkest tone value of the picture. The 
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degree of modulation is brought about by control in the upward 
direction from the figure mentioned to the most brilliant 
illumination and maximum current. The synchronizing signals, 
on the other hand, are transmitted by comj)lete interruption 
of the aerial current after each line is finished and after the 
completion of each picture. The period of time taken up by 
the synchronizing holes amounts now to about 5-7 per cent 
of the scanning time for one line or one picture, so that there is 
a great difference in the frequency components of both impulses 
which permits of the use of frequency oj)erated devices for 
separating the line and picture signals. This method of modu¬ 
lation, which has been thoroughly tested in practice, has the 


Fig. 452. ()scii.T.,o(iRAM or the lliGH-FRKQrKNCY Wave of the 
Berlin Television Transmitter with Synchronization 
Space dcrincc the Picti re Interval 

advantage that only a small fraction of the output of the 
transmitter—about one-tenth of the actual time—is tajiped 
off* for synchronization, i.e. lost in the transmission of the body 
of the picture. Furthermore, the cathode ray is obscured at 
the end of each line and at the end of each fiicture, so that the 
extremely annoying return sweeps are not seen. Fig. 452 
shows an oscillogram of an intermediate-frecpiency voltage 
received from the Berlin transmitter with dark control, an 
example of present-day j)ractice. One of the chief difficulties 
of picture reception by radio is that of obtaining constant 
synchronizing impulses, i.e. impulses whose amplitude is not 
affected by the momentary value of the video signal, nor 
impaired by the mean noise level at the output of the receiver. 
Very slight fluctuations, especially in the magnitude of the 
peak of the synchronizing impulse, are in themselves sufficient 
to cause considerable line displacement or changes in the 
height of the picture. A dull picture lacking contrast, and an 
unpleasant wavering, are produced. Such changes are more 
effective in producing these effects the greater the possible 
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range of adjustment of the signal over which locking occurs. 
The problem of creating regular synchronizing impulses from 
the voltage mixture at the intermediate-frequency output 
was solved by connecting up an intermediate valve stage 
the typical characteristic of which is shown in Fig. 453. Here 
the operating point is displaced far into the region of high 
negative bias (for instance, in Fig. 453 to - 5 volts) so that 
voltage disturbances which exist in the pauses of transmission 



FkJ. 453. CllAKA(’TKRlSTI(’ OF THE AmPIATI’OE FiLTEK WITH A SCREEN 

CiRii) Valve 

never reach the figure where the anode current of this amplitude 
filter commences to fiow. Immediately after the synchron¬ 
izing interval a current, the mean value of which is about half 
the maximum value which can be read off the valve charac¬ 
teristic, fiows in the anode circuit subject to correct division 
of the receiver output voltage. This current is entirely 
independent of the momentary value of the modulation 
of the transmitter (i.e. independent of the picture brightness), 
because the characteristic falls again after reaching its highest 
point. Even with a characteristic such as that of Fig. 464 
which is only obtained with difficulty using single grid valves, 
the mean value is not sufficiently independent of all amplitudes 
which may be present—bearing in mind the ever-increasing 

33-HT.36) 



500 


CATHODE-BAY TUBES 


grid current—^for the synchronizing signals to be completely 
separated from the picture signals. The fall of the characteristic 
after passing the peak is, in the case of the screen grid valve 
(the characteristic of which is indicated in Fig. 453), attained 
by the familiar current distribution effect. (Arrangement of 
retarding field.) 

Suitable choice of auxiliary grid voltage easily enables the 
drop to be brought to a value where operation is practically 
independent of the momentary degree of light modulation 
at the transmitter. 

The process described is intended finally to cut out and 



Fig. 454. Method of Operation of a Normal Amplitude Filter 

utilize a narrow band from the whole modulation interval of 
the transmitter; for example, an inteiwal of 20-25 per cent in 
order to produce the same current. The regularity of the 
synchronizing impulse obtained, which was also controlled 
oscillographically, is so good that even without the addition 
of frequency filters after it, it gives extremely stable synchro¬ 
nization with normal thyratron or valve time circuits. The 
pictures remain stable and free from distortion for several 
hours. The brightness was sufficient to make photographs of 
the receiver screen pictures with exposures of a fraction of a 
second, so that a sharp image of the picture could be obtained 
in spite of the continuous movement in the transmitted sound 
films. Three typical untouched cut-outs are shown in Fig. 456. 
Fig. 456 gives evidence of the low disturbance level in 
the synchronization. This photograph was taken during a 




FlO. 455. UnUBTOUCHED iNSTAKTAKEOtrS PlOTUBES FROM A SoUND FXLM 

Rboeived from a DistcANT Tbansmittbb 

(180 lines, Berlin Station, 1086) 
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disturbance which was artificially produced, the voltage peaks 
amounting to 50 per cent of the voltage obtained from the dark 
value of the transmitter. In spite of these unfavourable 
conditions, good synchronization was maintained. The distur¬ 
bance in the picture caused by slight alteration in the length 
of the line is found indirectly to be not greater than the 
disturbance due to variation to the illumination control. 
Conditions are such, therefore, that the possibility of s 3 nichro- 
nization disturbance is not greater than the disturbance due 



Fig 456 A Recktved PirTURE Distorted b\ Intense Akcino 
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to unavoidable causes in the biightness control circuit. 
Synchronization along a separate channel would not therefore 
lead to any great improvement in the picture. 

5. The Operation and Possibilities of Velocity Modulation.^^^^ 
When R. Thun in the middle of 1930 discussed all the funda¬ 
mental possibilities for the raster process in a comprehensive 
work, allusion was made to the reversal of the usual method 
of picture synthesis operating with uniform scanning velocity, 
i.e. for carrymg out picture transmission with a constant ray 
intensity but variable scanning velocity. This possibility 
described by Thun himself as velocity modulation was not, 
it is true, practically established. Nevertheless, we will discuss 
below in more detail the way in which this interesting process 
can be carried out, because in future, it will be of value for 
special problems. Velocity modulation necessitates sudden 
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and considerable changes in scanning speed. For example^ it 
may be necessary, in the definition of sharply-focused con¬ 
trasts, the edges of which show a brightness ratio of 1: 10 for 
the velocity of the ray in the interval of TTJiiVinT sec., to increase 
from 100 to 1 000 m. per sec. In this instance it is assumed that 
the contrast sharpness in the length of one line of about 
10 cm. corresponds to a picture division of about 10 000 points. 
Such high velocities, and particularly the extraordinarily high 
accelerations they involve, can be scarcely attained by mechani¬ 
cal arrangements. Even if the control of the ray is carried out 
by revolving mirrors as in an oscillograph, the accelerations 
involved are of such a magnitude that they are a great drawback 
to any operation involving elements of appreciable mass. 
Velocity modulation is therefore open to the errors which are 
inseparable from mechanically-operated parts on the trans¬ 
mission side, and at the reception end, particularly in the 
synthesis of pictures which are rich in detail. Cathode-ray 
tubes which have no changes in ray intensity, and are therefore 
suitable for the Thun method, have been available from the 
start as devices suitable for velocity modulation in receivers, 
being free of inertia, particularly simple in construction, and 
easy of operation. In discussions on velocity modulation, 
therefore, special attention has always been given to the 
cathode-ray tube. The particular advantage of velocity modu¬ 
lation lies in a much higher mean picture brightness, to which 
reference has already been made. 

(a) The First Simple Experimental Transmitter for 
Velocity Modulation. The first problem to be solved in the 
construction of a transmitter for velocity modulation consists 
in relating the scanning velocity along the line to the degree 
of brightness on the picture line to be transmitted. A solution 
of the problem is most nearly secured by the introduction of 
an optical inter-coupling. If, for instance, a cathode-ray tube 
transmitter is used, there is an inter-coupling if the voltages 
which appear at the output of the photo-electric amplifier are 
employed to modulate the discharge voltage of the line-time 
base. Modulation free of distortion can be carried out in 
this way by a circuit using a screen grid or similar arrange¬ 
ment in the time-base circuit, as discussed in the section on 
time defiection, where modulation of charging current is 
carried out by means of a specially designed space-charge 
grid valve. The principle of velocity modidation is that the 
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scanning period is greater or less according to the brightness 
over the line. 

The simplest way of effecting equidistant positions of the 
lines consists in using the same voltage from the photo-electric 
amplifier which carries out line modulation in order to modulate 
a second saw-tooth voltage of lower frequency, and use this for 
line distribution, i.e. as picture voltage. This modulation is 
carried out without phase change by the introduction of a 
time base circuit for the picture deflection which is similar in 
design except for the charging condenser. 

If modulation is not 
])rovided for the picture 
time-base circuit, then 
the lines will be more 


or less close together 
according to their mean 
brightness. In the dark 
portions which are 
scanned quickly they will 
be close together, and 

Fio. 457. Oscillogram ok a Mooclateo 

Time Discharge tions in mean brightness 

and in images with com¬ 
pletely covered and uncovered lines, the contrast ratio can be 
read off directly from the differences in distance. Compression 
of the dark lines and separation of the light ones tends against 
a natural distribution of brightness. Experiments with a large 
number of the pictures of the most varied stru(;ture showed 
that on an average the character of the picture suffered too 
much when the lines were not equalized. By modulating 
the voltage of the discharge circuit of the time base of the 
picture frequency, the slope of the curve at the instants of dark 
lines becomes considerable, and vice versa. If modulation is 
carried out with the correct amplitude—if both discharge 


circuits are not equally sensitive through the employment of 
valves which have not exactly the same sensitivity, a simple 
voltage divider will enable the necessary adjustment for 
equality to be made—the lines will be separated by equal dis¬ 
tances independent of their traverse time. Fig. 457 illustrates 
a cathode-ray oscillogram of a modulated saw-tooth voltage for 
regulation of the line distance. The oscillogram shows the 
typical step-like character of a saw-tooth oscillation modulated 
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for the purpose of velocity modulation. If the line and picture' 
deflecting voltages are modulated free of distortion, and with the 
correct amphtude corresponding to the picture structure, the 
scanned picture will appear direct on the screen of the trans¬ 
mitter. The photograph, Fig. 458, shows a velocity modulation 
transmitter in operation with the picture which can be recog¬ 
nized on the screen. The quality of the picture at the time 
of operation corresponded to a raster of approximately 6 000 




Fio. 458. Portion of an Old Type of Velocity Modulation 
Transmitter in Operation with Picture on the Screen 
{von Ardenncy 1031) 

points. A positive or negative appears on the transmitter 
screen according to the phase of the photo-electric amplifier 
output, i.e. according to the number of stages in this 
amplifier. 

When a diaxiositive is scanned, the time occupied in scanning 
naturally remains constant. Also in film scanning, i.e. in the 
transmission of pictures with fluctuating mean brightness, the 
time for picture scanning can be forced to be constant by 
cutting off from the amplifier circuits all frequencies less 
than the intended number of pictures per second. This, however, 
means that all the images, even if they have optically different 
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values of mean brightness, will be reproduced with the 
same mean brightness. The particular circuit of a trans¬ 
mitter for velocity modulation is illustrated in Fig. 459. This 
contains all technical details and design for the picture and 
line modulating equipment. The outstanding characteristic of 
a transmitter based on the principle of velocity modulation, is 
that the picture transmitted is visible on its screen. Excellent 
control is provided by observation of the transmitted picture. 



Fig. 459. Circuit of an Old Type of Cinema Transmitter using 
Velocity Modulation 


The problem of receiving a picture by the velocity modula¬ 
tion method in the form hitherto described involves con¬ 
necting the two plates of the receiver in parallel with the two 
plates of the transmitter. 

(b) a System of Transmission using both Velocity and 
Intensity Modulation, In general, pictures taken using the 
principle of simple velocity modulation have one fault; they 
lack contrast and their effect is therefore indistinct and lifeless. 
Omitting other disturbing influences, the contrast ratio of a 
velocity modulated picture, as is well known, is the ratio of the 
highest to the lowest deflection velocities over the picture 
surface. The limited range of modulation of the amplifying 
valves precludes a higher velocity ratio. A ratio of 30 : 1 
should be aimed at in order to secure contrasts such as those 
usual in photography. If the modulation is limited to the 
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linear range of the valves, then a contrast ratio of greater^ 
than 1 : 5 cannot be secured, A greater ratio is possible, for 
example, by using variable-mu valves in the discharge circuits 
which can be modulated. In such a case it becomes necessary 
to reproduce exactly at the receiving end, the modulation 
characteristics of the transmitter. If the modulating portion 
of the transmitter and receiver are not matched—and it is 
hardly possible to match them exactly in practice—serious 
distortion of the picture will result. The familiar property of 
velocity modulated pictures, of showing better definition 
in the lighter portions than in the darker ones, can be looked 
upon as an advantage only for low degrees of modulation. 
Immediately a high contrast ratio is involved, the lack of 
detail in the darker parts becomes very noticeable. The con¬ 
siderations mentioned are all against the employment of high 
velocity ratios (greater than about 1 : 5). Nevertheless, in 
order to obtain a high contrast ratio in the picture, Bedford 
and Puckle use velocity control simultaneously with inten¬ 
sity control. By superposing both types of control a successful 
method of securing a high contrast ratio is obtained. By 
adopting a simple design, Bedford and Puckle were successful 
in so arranging the modulation ratio that the intensity of the 
ray is really only decreased in the dark portions. The method 
of varying the contrast is therefore effective in reducing the 
intensity of the ray and of the brightness only in the parts 
where, in any case, little ray energy is available. The main 
advantage of velocity modulation—supplying very brilliant 
pictures through operation with the greatest possible ray 
energy—is therefore retained in practice. Details of the system 
of transmission developed by Bedford and Puckle are given 
below, since many of the devices employed can be used in 
circuits for making measurements. 

The main features of the transmitter are to a great extent 
similar to those of the cathode-ray transmitter designed 
by the author (Fig. 459). The line raster produced on the 
screen of a cathode-ray tube is projected by a high power 
condenser on to the film to be transmitted. Behind the film 
is a photo-cell with its associated amplifier. Modulation of 
the discharges of the time circuit is carried out with the help 
of a screen grid valve (Fj) as shown in the diagram of the time 
circuit in Fig. 460. Discharge takes place in the line direction 
through an arrangement of high-vacuum valves (Fj and Fj*). 
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This arrangement is recommended in the case of the line time- 
base in preference to one using gas-discharge tubes, since the 
time lag of the latter leads to disturbances at the end of the 
line at the high frequencies and varied scanning velocities 
which must, of necessity, be involved in modern equipment. 
The formation of the voltage of the picture time-base discharge 
circuit, which controls the separation distance of the lines, is 
not carried out by simultaneous modulation of an independent 
saw-tooth generator but, according to an earlier and similar 
suggestion of Thun, by ‘"ratcheting” by making use of 
the discharge in the line circuit at the end of each line. The 
problem in this case is solved in a very sim])le way by using 
the discharge of the line condenser with the assistance of 
a further valve* (F 4 ) to effect a short deblocking of the 
negatively biased grid of a screen-grid valve F 7 . In this way 
a constant current flows to the picture capacitance at the end 
of each line. The residting voltage change on the condenser 
brings about the necessary displacement of the beginning 
of the following lines. At the time that the picture con¬ 
denser has almost reached the voltage which corresponds 
to the height of the picture, a thjratron connected in parallel 
with it is about to strike. The thyratron receives grid bias 
through the drop in voltage across the resistance R^ in the 
anode circuit of valve F 7 . As this anode current consists only 
of impulses, the bridging condenser is provided to maintain 
the bias of the thyratron between the impulses. The effect 
produced by the picture synchronization process depends on 
the time constant C^R^,, the values of which are chosen to 
be large enough to provide a balance over the longest line 
present. Every lengthly interruption forced on the line¬ 
scanning arrangement leads to a striking of the thyratron Fg. 
Such a delay is effected every 2 ^- sec. by the aid of the timing 
device through the picture discharge voltage (Fig. 460). The 
timing device consists of a thyratron Fjo and a simple non¬ 
linear saw-tooth discharge circuit. The timing device is 
designed first of aU to operate at about 25 eye. Exact syn¬ 
chronization occurs from the 50 eye. mains by the aid of 
the potentiometer shown which bridges the a.c. heating 
circuit. Valve Fg, shown in Fig. 460 as a voltage limiter, is 
in parallel with the discharge valve Fg of the line discharge 

* A further valve is provided, because the anode voltage rise at the valve 
F 3 is limited by commencement of grid current from the valve V^, 



lo modulation equipment of ultra short mxve transmitter 
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circuit. The grid of this valve is adjusted by the potentio¬ 
meter i? 5 , to a slightly lower potential than the grid of valve 
Fg. No anode current, therefore, flows in the voltage limit¬ 
ing valve as long as the normal line time circuit is in action. 
The impulses of the timing device are impressed on the grid 
of the voltage limiting valve and ensure that every i-, sec. 
the grid of F 5 for a short time becomes more positive than 
the grid of Fg. At this instant the line scanning is discon¬ 
tinued. After the timing impulse, the grid voltage of F 5 drops 
back again to the original and highly negative value. The 
rapidity of the return traverse depends on the time constant 
CqqRq^, which is designed so that a sufficiently long interruption 
interval occurs. The interval which covers two or three lines is 
sufficient to allow the thyratron of the picture time-base to strike 
safely in the way described above. The method of originating 
the picture deflection voltage, which at first appears unneces¬ 
sarily involved, has the great advantage that the synchronizing 
impulses can in this way be transmitted to the receiver as 
interruptions. The portion of the time circuit of the transmitter 
so far described comprises those components which are essential 
for the transmission of diapositives. In sound-film transmis¬ 
sions it is desirable, of course, to work with a film which moves 
at a uniform rate, particularly in view of the fact that there 
is a 25 per cent loss of the scanning time with intermittent 
motion. In order to make this possible, the first thing to do 
would be to employ the usual process which consists of scanning 
one line of the continuously moving film. This cannot, how¬ 
ever, be used in cathode-ray transmitters, as the author showed 
in earher works, because with the higher ray energies necessary, 
fatigue and saturation phenomena which lead to reduced 
efficiency in illumination are unavoidable. Furthermore, it 
cannot be employed in a simple way with the velocity modula¬ 
tion process, on account of the variable time occupied in 
scanning a line. An interesting way out of these difficulties 
is provided by another time-base circuit shown in Fig. 460. 
The film drive which is carried out by a synchronous motor 
ensures that exactly 25 pictures per second pass across the 
scanning point. The correct phase for the timing impulse is 
adjusted by a simple mechanical arrangement. The compen¬ 
sating time-base circuit superimposes a hnear time deflection 
in such a direction and of such amplitude that the movement 
of the film is exactly compensated. The return stroke of this 




Fig. 461 . Photo-cell Amplifier Circuit 
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deflection is synchronized with the timing device by the aid 
of condenser 

In order to secure control of tlie picture at the transmitter 
in spite of the compensating device, a control valve is connected 
in parallel with the transmitting valve but using a separate 
potentiometer for the bias potential. The control valve therefore 
receives the line and picture voltages but not the compensation 
voltage. 

The resistance .Bgo serve only to limit the current 

of the thyratron discharge, but is also intended to prevent a 
line discharge taking place during a “picture” discharge. The 
picture return sweep in this way takes place at the edge of 
the picture. Finally, in the circuit shown in Fig. 460 an 
important part is played by the resistance Rg and condenser 
Cg, which are connected to the screen grid of the line charging 
valve. These ensure that the same mean anode current flows 
in the valve independently of the mean brightness of the 
picture being transmitted, so that a picture is always scanned 
as a whole in the same constant time. This process involves 
attenuation of very low frequencies at this point, similar to 
the author’s old arrangement discussed above (Fig. 459). 

The photo-cell amplifier also shows a large number of unique 
features which warrant a detailed discussion, being all the more 
important because the methods used are in no way limited to 
amplifiers for transmitters using velocity modulation. 

The circuit of the photo-cell amplifier is given in full detail 
in Fig. 461. The use of high slope valves in combination with 
relatively low anode resistances and the elimination of anode 
feed-back by the aid of a screen grid provides aperiodic amplifi¬ 
cation of the high frequencies of present-day practice. The 
amplifier must compensate for two sources of frequency distor¬ 
tion which may exist at the input side— 

1. That resulting possibly from the eff ect of phosphorescence 
on the screen of the transmitting tube. 

2. That caused by a high resistance coupling to the 
photo-cell. 

The distortion eliminating stages are arranged in the amplifier 
after high preliminary amplification between the valves F^ 
and F^. The circuit for correcting distortion is shown separately 
for clearness in Fig. 462. This compensating circuit is based 
on the fact that at very high frequencies almost the entire 
anode voltage of the previous stage reaches the grid of the 
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following valve, while at medium and low frequencies only a^ 
small portion of the voltage generally, corresponding to the 
value of the resistance present, reaches the grid. The resistance 
i ?4 is large compared with the resistance jSg. 

The special advantage of this correcting circuit is that the 
small capacitance can be made variable and the amount of 
correction consequently adjusted without the voltage amplifica¬ 
tion at the same time being affected in the lower frequency range. 

In order to keep down the level of the Schrot disturbance, 
the value of the coupling resistances to the photo-cell must 
be as high as possible. That part of the noise level due to 
the SchrOt effect is reduced to a minimum by the choice 



Fig. 462 . Circuit for Eominating Distortion 


of high coupling resistances, and can only be reduced still 
further by reducing the input capacitance. The correction of 
frequency distortion which originates in the high-coupling 
resistances is carried out in the second correcting stage men¬ 
tioned above. Various devices are used in the photo-cell ampli¬ 
fier to secure good performance and an efficient amplification 
curve over the range of very low frequencies. The coupling 
condensers between the various stages of amplification are 
made so large that the time constants of the grid circuits 
amount to several seconds. The tendency to relaxation oscilla¬ 
tions which is otherwise unavoidable with such high values is 
prevented by the use of valves arranged symmetrically in each 
stage. These valves again are controlled by a voltage tapped 
off the anode resistance of the main stages, and their only 
function is to keep alternating currents away from the de¬ 
coupling condensers. Only in the output stages the symmetrical 
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valve is employed in order to carry out the switching over from 
positive to negative, and vice versa, without altering the 
amplification. In spite of careful design of the grid capacitances, 
phase variation in the low frequency range has proved neces¬ 
sary and this has been accomplished by inserting an additional 
high resistance in series with the coupling resistance of the 
photo-cell. Except in the very low frequency range this can 
be considered as being shorted by the capacitance Cc- 

If a satisfactory velocity modulated picture appears on the 
fluorescent screen of the transmitter tube, and an enlarged 
and* contrasty image of it on the control tube, then the next 
problem is to find the point in the whole circuit of the trans¬ 
mitter set from which to take the frequencies to be conducted 
to the transmitter. A few years ago it was decided, as a result 
of Thun’s suggestions, to transmit the modulated saw-tooth 
voltage of the line time circuit of the transmitter. Such a 
procedure leads to disadvantages of a very serious nature to 
which the author has already drawn attention. Even if the 
short wave transmitter is modulated to a very high degree, 
the modulation corresponding to a single pictme point is very 
small. The details of the picture are therefore seriously affected 
even by feeble disturbances. In solving this difficulty, Bedford 
and Puckle indicate a new method which in theory, at least, 
is extremely interesting. In this connexion, reference may 
be made to the diagram of Fig. 460. The voltage on the 
condenser is received from the signal at the grid of valve 
Fi by a kind of integration process which indicates that the 
higher frequency components are reduced. In the sense of 
the velocity modulation method, this does not mean that 
distortion occurs, but that as the field strength of the receiver 
falls slowly, the higher frequencies, i.e. the picture details 
drop below the noise level. In order to overcome these diffi¬ 
culties, the voltage transmitted is formed of two components, 
directly superimposed on one another, viz. one voltage pro¬ 
portional to the displacement and one proportional to the 
velocity of the cathode-ray scanning. The introduction of 
the resistance R in Fig. 460 makes the tapping off of such a 
voltage quite simple. The voltage on the capacitance at 
any instant corresponds to the ray displacement, and the 
voltage across the resistance in series with it to the ray velocity. 
At the receiver end, both components must again be separated, 
so that they can perform their respective functions, i.e. 
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displacement and contrast. This separation, which is only' 
possible on account of the fact that one component is related 
to the other in a simple way, is effected by means of the circuit 
shown diagrammatically in Fig. 463. 

In this arrangement F is a valve of high internal resistance 
with an anode resistance which is bridged to earth through 
the series connexion of condenser (7, and small resistance R' 


which at the moment is small enough to ignore. As the time 
constants CR^ at the receiver end are made equal to the time 
constants G^R^ of the transmitter the ratio of the amplitudes of 
the displacement and velocity components can be brought to any 
desired value. The advantages in forming the voltage to be 


transmitted which has just 
been discussed, lies in the pro¬ 
cess of reception. In particular, 
the transmission of synchron¬ 
izing impulses at the end of a 
line is unnecessary, as distinct 
from the usual process which 
to-day is familiarly known as 
the intensity process. All the 
advantages of complete trans¬ 
mission of the modulated line 
discharge voltages are retained, 
and the disadvantages dis¬ 
cussed are excluded. On the 
transmission side the condi- 



Fi(, 463. Principle of Frequency 
Filter 


tions are such that the resulting degree of modulation is 
almost, if not entirely, constant. 

The television portion of the complete receiver is illustrated 
in Pig. 464. It comprises the frequency filter discussed, for 
separating the displacement and velocity components, a line 
voltage amplifier to secure sufficient voltage output, a picture 
time-base circuit, and an amplifier for securing contrast 
from the velocity components. The symmetrical stage at the 
input serves to avoid distortion at very low frequencies. The 
neon stabilizer stage in the anode circuit of the first valve 
is provided to reduce the effect of mains voltage fluctuations 
which is very serious here. The first dual stage controls a 
second similar stage in the usual push-pull arrangement. The 
line voltage for the receiver tube is taken between the anodes 
of the second dual stage. The anode circuits of this stage 
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Fio. 464 . Diagbam of the Time Base CntcuiTs of the Receiver 
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contain the frequency filter which has already been discussed ' 
with reference to Fig. 463, the time constant of which must 
be adjusted to be the same as the time constant of the corre¬ 
sponding circuit in the transmitter. Here, again, is seen a 
special advantage of separating the two components. For 
instance, JSg and B 2 can be made relatively large (50 000 ohms) 
which, in view of the detrimental effect to high frequencies, 
would not be possible in the transmission of modulated line 
discharge voltages only. In the case under discussion it is 
necessary to reduce the high frequencies at this point, and this 
can be done by increasing the valve capacitances through the 
condensers C and C^. The high anode resistance at this point 
makes high voltage amplification possible and gives rise to 
practically a straight line characteristic. A small voltage 
corresponding to the velocity component appears across the 
resistances E and R^, By means of two amplifying valves 
F 3 and Fg this voltage is increased to an amplitude sufficient 
for superimposing on the intensity control of the receiving 
valve. The first valve of the contrast amplifier controls simul¬ 
taneously the next valve F 4 , and with it the interconnected 
discharge circuit for the picture voltage. This set corresponds 
exactly to the picture discharge circuit of the transmitter 
discussed (Fig. 460). The back-coupling at the end of each line 
produces current impulses in the valve Fg, which maintains 
the bias of the thyratron F 7 . The discontinuity of the line 
fly-back at the end of the picture causes a short interruption 
of the bias on the thyratron grid, and therefore of the discharge, 
which is set by the time constant C^Rq, 

The operation of the receiver is relatively simple. The 
voltage regulator R^ at the input side should be adjusted so 
that the desired width of picture is obtained. Then the screen- 
grid voltage of the valve F 7 should be adjusted so that the 
required height of picture is obtained. Operation of the 
synchronizing process is unnecessary; the potentiometer R^ 
alone should be altered until the required contrast is obtained. 

The procedure for adjustment mentioned can, of course, 
only be carried out as long as a transmission is being received. 
It might be feared that if a transmission is not taJdng place, 
the ray would remain stationary and so destroy the screen. 
This cannot, however, happen in practice, because as soon as 
transmission ceases, breakdown of the bias at CgRg and at 
valve F 7 causes the condenser 07 to be charged to a high value 
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and discharged periodically through the thyratron. A vertical 
stroke then appears on the screen. An untouched photograph 



Fig. 465. 120-line Picture with Sipertmposed Intensity and 
Velocity Modulation 
{Bedford arid Btickle, Altumn, 193.3) 


of a 120"line picture transmitted by the arrangement to which 
reference has been made is shown in Fig. 465. 
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Analysis of Lissajous’ figures, 241-2 
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Breit, 426 
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- potential drop area, 7, 14, 42 
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Contact photo^aphy, 6, 295, 306 
Contrast, television, 488 et seq. 
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Current, path in tube, 35 
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Dufour, 246 
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Eabthino current source, 178 
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Falhenthal, 181 

Fa/maworthj 477 
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Fatigue of screen, 128, 137 
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Fischer, 436, 464 
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Bartel, 111, 462 
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High-frequency anode voltage equipment, 185 

-circuit for measuring small displacements, 227 

-time deflection, 247 

Hollman, 89, 91, 93, 96, 166, 158, 292, 348, 429, 430, 439 
Hot cathode, 7 

Hudec, 62, 248, 273, 276, 348, 476, 481, 492 

Hughes, 11 
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Hund, 241 

Hupka, 368 

Hydrogen filling, 26, 30 
Hysteresis curves, recording of, 366-7 
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- points, number of, 296 

Inductive voltage divider, 214 
Intermittent, light source, 402 
Intensity control, 466 
Internal combustion engines, 455 
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Inversion of characteristics, 92-3 
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Ion tubes, 6 

Iron losses, determination of, 366 
Itterbeck, 12 

Jaumann, 194 
Johnson, 12, 108, 145 
Just, 232, 401 

Kallikotron, 271 
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- window, 6, 24, 295, 300, 306 

Lens for oscillograph, 318 

-electrostatic, 10 

Leyshon, 248 
Life tests, 169 

Light sensitive materials, 311-12 
Lilienjeld, 108, 114, 137 
Unckh, 230, 443, 445, 446, 452 
Lissajous* figures, 90, 241, 289, 295 
Loncar, 388 



526 


CATHODE-RAY TUBES 


LfOng period oscillograms, 324 
Loop cathode. 111 
Ltorenzy 4 

Losses, aperture, 9 

-, dielectric, 364 

-, iron, 366 

Ltottermoaery 239 

Loud speakers, measurements on, 39r> 
L/tibazynakiy 215, 221 
Luminosity due to gasfilling, 35, 36 
Luminous efficiency, 149 
Lung noises, tracing of, 456 

MctcOregor-M orris y 170 
Mcbdeltingy 367 
Magnetic deflection, 79 

- -, effect of frequency on, 79 

- field—cathode disturbance, 110 

- - of heater circuit, 112 

- -, measuring, 358 

- -, pre-focusing, by, 21 

Magnetizing curves, recording of, 289—92 
Martiriy 453 
MarXy 293 
Massolley 237, 462 

Maximum tracing speed, 296, 308, 310 
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Mercury vapour filling, 126 
Meyery 228, 236, 401 
MUchelaseriy 8, 118 
Microphone, calibration of, 236 

-, carbon, 233, 433 

-, condenser pressure, 229, 233—5 

-, measuring, 235 

-, piezo, 231 

-, lieisz, 232—3 

-, ultra acoustic, 236—8 

Mirror, drive for, 244 

-, movable, 239—40 

-, rotating, 242, 249 
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- control, 383—4 

- - of transmitter, 411 

-, frequency, 70 

-, range and anode voltage, 43 

- , saw-tooth oscillations, 257, 260 

-, velocity, 503 

Multivibrator, 271 

Negative bias on deflection plates, 64 

Neon lamp, examination of, 409 

Nicolaoriy 474 

Node in ray path, 26—7 

Noise—^mains, investigation of, 419 

OUendorfy 217, 221 
Optics, electron, 8 

Oscillation—tendency of pre-ampliflers, 196 
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Oscillations, saw-tooth, 246, 250 et aeq. 
Oscillatory circuits, examination of, 371 
Output stages and anode voltage, 193, 197 

-, design of, 192 

-, examination of, 394 

Oxide, application of, 103 
- cathode, 101 

Pendulum converter, 181 
Penetrating power of electrons, 4 
Percherrmier^ 493 

Permeability, measurement of, 366 et aeq. 

Perry, 114 
Petera, 228 
Pfeatorf, 214, 437 
Phase distortion, 195 

- measiuement, 82 

-reversal stage, 203 

-in amplihers, 384 

Photocells, characteristics of, 223-4 

-, coupling, 220 

-, inertia of, 220, 407 

Photography of tracings, 293 et aeq. 
Physiological investigations, 456 et aeq. 
Pick-ups, 224, 331, 403 et aeq. 

Piezo-detector, 231, 238 

- pressure measurements, 230, 449 et aeq. 

Point cathode, 112-13 
Polar co-ordinates, 86-91 
Pot cathode, 114 
Preliminary focusing, 21 
Pre-stage amplifier, 197 
Properties of cathode rays, 2 
Protective resistances, 177 

Quartz pressure chamber, 230 

Ray path, resistance of, 36 

Receivers, testing sensitivity of, 417 et aeq. 

Rectifiers, anode voltage from, 183 et aeq, 

-, recording of, characteristics, 389 

-, valves for, 186 

-, examination of, 308 

Reiaz, 232-3 

Relaxation oscillations, 246, 250, 257-9 
Reset time of saw-tooth oscillations, 253-4, 257 
Resistance, complex, 363 

- coupling, 207 

Resolving power of oscillograph, 296 

Resonance curve, tracing of, 293, 373 

Return stream of electrons, 149 

Reversal of phase in amplifiers, 384 

Reverse current, 38 
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Rogowakiy 17, 109, 282 

Rohrigy 432 
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Roaing, 474 

Rotating mirror, 243-5, 249 
Rttaka, 9 
Ryan, 242 

Sabbah, 474, 477 
Salinger, 433 
Saraga, 89 
Satoh, 159 

Saw-tooth oscillator, dynatron as, 268 

-, modulation of, 257, 260 

-, using valves, 265 

-, voltage dividers, 260 

Scanning, transmitter for film, 483 

- voltage, television, 480 

Scheminsky, 459 
Schlesinger, 195, 214 
Schottaky, 220 
SchouUz, 477 

Schroter, 114, 209, 221, 223, 473, 476, 481 
Schrot voltage, 205, 211, 222 
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Sensitivity curves, 63 
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Shot, measuring velocity of, 450 

Signal transmission through amplifiers, measuring, 385 
Simon, 221 

Single base assembly, 121-2 
Skaupy, 41, 474 
Sommer, 368 
Sommeffeld, 109, 306 
Spacing of electrodes, 47 

Spark, path of, in saw-tooth oscillations, 279 

Specific cathode emission, 97 

Spectral response of photocells, 219 

Sx>ectrometer, audio frequency, 443 

Speed of tracing, maximum, 296, 311 

Spiral, bismuth, 216 

Spot bri^tness and ray current, 39 

Stability of amplifiers, 203, 207 

Steinmetz, 447 
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Stoerk, 214 

Stoff, 213 

Stormer, 361 

Stray electrons, 27—8, 126 
Stroboscopic light source, 402 
- reduction of tracing speed, 89 
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Suh/rmann, 221 

Switch, cathode-ray tube as a, 169 
Switching on cathode-ray tube, 277 

- operations, 433 

Synchronization for television, 490 

Teichmann, 219 
Television historical, 474, 

-receivers, 487 

- transmitters, 477 

Temperature, cathode, 112 

Thienhaua, 441 

Thomson, 9 

Thun, 478, 501 

Thyratrons, 183, 261, 264 

Time co-ordinates, 327, 333, 415, 454 

-by intensity control, 337 

- of electron traverse, 91-3 

Torsional oscillations, examination of, 442 
Tracing speed, maximum, 296, 311 

-, methods of photographing, 304 et seq. 

-, velocity nomogram, 306 

Trainer, 140 

Transformer, examination of, 366 et seq. 

-, measuring, 216 

Transients, measuring, 369, 371, 384, 387, 412 
Trap electrodes, 39, 161 
Trapezium, degree of modulation, 414 
Turbine oscillations, 444 
Turner, 271 

Turning, measurment of cutting pressure during, 446 
Tuve, 426 

Ulbricht, 270 

Ultra acoustic microphone, 237-9 
Universal cathode, 112 

Valve characteristic, tracing of, 292, 374 et seq. 

- discharge, circuits, 265 et seq. 

Van Der Bijl, 12, 108 
Velocity modulation, 601 et seq. 

Vibration, measurement of, 224, 443 

Vibrators, 185 

Visweg, 214, 437 

Vogt, 237, 462 

Voltage dividers, 211-15 

-fluctuations, mains, 182 

Voorhi^, van, 29 

Watanahe, 444 

Watson Watt, 149, 161, 162, 424, 427 
Wauirziniok, 337, 452 
Webb, 294 

Wehnelt cylinder, 16, 42-3, 46-6, 117-18 

-brightness control, 42, 44, 117-18, 178, 466 

Western electric, 121, 145 
WestphcU, 12 
Wiedemann, 90 
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Pottery, Handcraft. By H and D Wren . . . 12 6 

Stencil-Craft By Henry Cadness, F' S A M . . .10 6 

Weaving for Beginners By Luther Hooper . , .50 

Weaving with Small Appliances— 

The Wfaving Board By Luther Hooper . . .76 

Table Loom Weaving By Luther Hooper . , 7 6 

Wood Carving By Charles G Leland Revised by John J 

Holt/apffel . . , . . .50 

Woodwork Design By E H Arnold . . . .60 




TEXTILE MANUFACTURE 
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TEXTILE MANUFACTURE, ETC. 

s d. 

Cocoon Silk By C H C Cansdale 12 6 

Cotton, From the Raw Material to the Finished Product. 

By R J Peake, Revised and Enlarged by H P Curtis, 

F.TI . . . .... 50 

Cotton Spinner’s Pocket Book, 1 HE By J F Innes 3rd Ed 3 6 

♦Cotton Spinning Course, A First Year By H A J 

Duncan, ATI. .... 3 6 

Flax and Jute, Spinning, Weaving, and Finishing of By 

T Woodhouse, F T I and Peter Kilgoui 10 6 

Fur By Max Bachrach, B C S . . . . . 21 0 

Hosiery Manufacture By Professor William Davis, M A 

Second Edition . . ... 5 0 

Loom, Theory and Electrical Drive of the By R H 

Wilniot, M Sc , A M I E E , \ssoc A I K E . . . 8 6 

Men’s Cloihing, Organization, Management, and Tech¬ 
nology IN the Manufacturf of By M E Popkin 25 0 

Pattern Construction, Tiir Scilnci of tor Garment 

Makers By B W Poole, M R b T Second Edition . 45 0 

Tailoring, Practical By J E Liberty, U K A F . . 7 6 

Iaiioring Simpi ified, LadiFvS By M E D Galbraith . 7 6 

♦Tfxtiles, Introduction lo By A E Lewis \MCT . 3 6 

Textiles Students Manuai , Ihf By T Welford . .76 

1 extiles for Sai esmen By L Ostick, M A , L C P 3rd Ed 5 0 

Weaving and Manufacturing, Handbook or By H 

Greenwood, tll.MRST. .50 

Wool, Ihe Marketing of J5y A F DuPlessis, M A 12 6 

Woollen Yarn Production By T Lawson . .36 

Worsted Carding and Combing By J R Hind, M R S T 7 6 
Worsted Open Drawing By S Keishaw, tTI . . 5 0 

\ ARNb and tABRics, The 1 esting oi By H P Curtis, t T 1 

Second Edition . ... 6 0 

DRAUGHTSMANSHIP 

Applied Perspective By John Holmes, F R S A . 6 6 

Drawing and Designing By Charles G Leland, M A 4th Ed 3 6 

Engineering Drawing, Intermediate By A C Parkinson, 

A C P (Hons ), F Coll H Second Edition . 7 6 

♦Engineering Drawing, A First Year By A C Parkinson, 

A C.P (Hons ), F.Coll H Second Edition . . .50 

Engineering Hand Sketching and Sc ali Drawing By Thos 

Jackson, M I Mech E , and Percy Bentley, AMI Mech.E 3 0 
♦Engineering Workshop Drawing By A C Parkinson, 

A C P (Hons.), F.Coll H Fourth Edition . . .40 

♦Machine Drawing, A Preparatory Course to By P W 

Scott. ... 20 

Plan Copying in Black Lines By B J Hall, M.I.Mech.£ 2 6 


Plan Copying Processes and Equipment, Modern By 
B. J Hall, M.l.Mech E and B Fairfax Hall. M A 


5 0 
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PITMAN’S TECHNICAL BOOKS 


PHYSICS, CHEMISTRY, ETC. 

Artificial Resins. By J. Scheiber, Ph.D., and Kurt S^ndig. 
Translated by Ernest Fyleman, B.Sc., Ph.D., F.I.C. . 

Biology, Introduction to Practical By N. Walker 
♦Botany, Test Papers in. By E. Drabble, D.Sc. 
♦Chemistry, A First Book of. By A. Coulthard, B.Sc. (Hons.), 
Ph.D., F.I.C. 

Chemistry Course for Painters and Decorators. By 
P. F. R. Venables. Ph.D . B.Sc., and H C. Utley. F.I.B.D. 

♦Chemistry and Pharmacy, Definitions and Formulae 
for Students By W G. Carey, F.I.C. Second Edition . 

♦Chemistry, Higher Test Papers in By E. J. Holmyard.M.A 
1. Inorganic. 2. Organic ..... Each 

♦Chemistry, Test Papers in. By E. J. Holmyard, M.A 
With Points Essential to Answers ..... 

Dispensing for Pharmaceutical Students. By J. W. 
Cooper, l^h.C., and F. J. Dyei Sixth Edition, Revised and 
re-written by J. V’. Cooper ..... 

♦Latin for Pharmaceutical Students. By J W. Cooper and 
A. C. McLaren. Third Edition ..... 

♦Light and Sound, Definitions and Formulae for Stu¬ 
dents By P. K. Bowes. M.A., B.Sc .... 

♦Magnetism and Electricity, Higher Test Papers in By 
P. J. Lancelot Smith, M.A. ...... 

Magnetism and Electricity, Questions and Solutions in. 
Solutions by W. J. White, A.M.I.E.E. Third Edition 

Pharmaceutical Chemistry, Practical. By F. N. Apple- 
yard, B.Sc (Lond.), F.I.C.. Ph.C., and C. G Lyons Third 
Edition ......... 

Pharmaceutical Chemistry, Theoretical By C. G. Lyons, 

M.A., Ph.D (Cantab.). 

Pharmacognosy, Textbook op. By J. W. Cooper, Ph.C., T.C. 
Denston, B.Pliarm., Ph.C. With illustrations and drawing 
notes by M. Riley, A.T.D., and D W Shaw, B.Sc., Ph.C. 
Second Edition ........ 

♦Physical Science, Primary. By W. R. Bower, B.Sc. 
♦Physics, Test Papers in By P. J. Lancelot Smith, M.A. . 

Points Essential to Answers, 4s. In one book . 

Tutorial Pharmacy By J. W. Cooper, Ph.C Third Edition 

Volumetric Analysis. By J. B. M. Coppock, Ph.D., B.Sc., 
A.I.C., and J. B Coppock. B.Sc (Lond.) F.I.C., F.C S 
Third Edition ........ 


s. d. 

15 0 
3 6 
2 0 

2 0 

3 6 

- 6 

3 0 
2 0 
3 0 


8 6 
6 0 
- 6 
3 0 
5 0 


6 6 
12 6 


18 0 
3 6 
2 0 
5 6 
17 6 


3 6 





METALLURGY, FOUNDRYWORK, ETC. 6 


METALLURGY, FOUNDRYWORK, ETC. 


5 d. 

Aluminium and its Aiioys By N F Budgcn, Ph D M Sc 15 0 

Chilled Iron Rolls, 1hi Manufacture of By A Allison . 8 6 

♦Definitions and I^ormuiae for Students—^Metallurgy 

By E R Taylor, ARSM.FIC,DIC . -6 

Electroplating By S Ineld A R C Sc , and A Dudley Weill 

Third Edition 12 6 

Enginfering Maierials By a W Judge, Wh Sc , ARCS 
In three volumes— 

Vol I Ferrous ... . . 30 0 

Vol II Non-Ferrous . . ... 40 0 

Vol III Theory \nd Ifsting of Materials . . 21 0 

louNDRYwoRK AND Metai LURGY Edited by R 1 Rolfe, 

FIC In SIX volumes . hack 6 0 

Metai Work, Practical Sheet and Plaii By E A Atkins, 

M Sc , M I Mech L , M 1 W 1 ourth Edition 7 6 

Metai lographlrs’ Handbook of Etching Compiled by 
lorkel Bcrglund Translated from the Swedish by W H 
Dearden M Sc . A I ( . . 12 6 

Metaiiuroy or Bron/e By H C Dews . 12 6 

Metallurgy of Cast Iron By J E Huist . 15 0 

Metalworker's Practicai Calculator, The ByJ Matheson 2 0 

Metals and Ai lo\ s, The Mechanical Testing of By P hield 

Foster, B Sc M Sc A M I Mech E . . 15 0 

Panei Beating and Shfei Metal Work By Sidney Pmder 4 0 

Pattern Making The Principles of By J Horner 

AMI mi: bifth Edition . 4 0 

Pipe and Tube Bending and Jointing By S P Marks 

M SIA . . .60 

spi < ial Steels C Im Ih founded on the Researches regard¬ 
ing Alloy Steels of Sir Robert Hadfield, Bt, D Sc , etc 
Second Edition B> 1 H Burnham B Sc Hons (Lond), 

A M I Mech E , M 1 Mar C ..126 

Welding, Llfctric Arc and Ox\-Acetylene By E A 

Atkins, M I Meeh E , etc Third Edition . 8 6 

Wei DING Llecikic The Principles of By R C Stockton, 

A I MM AMCTech . 7 6 

MINERALOGY AND MINING 

Coal Carbonization, International By John Roberts 

1) I C , M I Min E , F G S , and Dr Adolf Jenkner . 35 0 

♦Coal Mining, Definitions and Formulae for Students 

BvM D Williams FGS - 6 

Eli c trical Enginfering for Mining Students By G M 

Harvey. M Sc , B Eng . A M I E E . 5 0 

Electricity Appi ied to Mining By H Cotton, M B E, 

D Sc . A M I E E.35 0 
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PITMAN’S TECHNICAL BOOKS 


Mineralogy and Mining—contd. 

5. d. 

Miners’ Safety Lamps. By T. R. Barnard, B.Sc.Tech., 

A.M.I.Min.E.4 0 

Mining Certificate Series, Pitman’s. Edited by John 
Roberts, D.I.C., M.I.Min.E., F.G.S. 

Mining Law and Mine Management. By Alexander 

Watson, A.R.S.M.8 6 

Mine Ventilation and Lighting. By C. D. Mottram, 

B.Sc.8 6 

Colliery Explosions and Recovery Work. By J. W 

Whitaker, Ph.D. (Eng.). B.Sc., F.I.C., M.I.Min.E. . 8 6 

Arithmetic and Surveying. By R M. Evans, B.Sc., 

F.G.S., M.I.Min.E.8 6 

Mining Machinery. By T. Bryson, A.R.T.C., M.I.Min.E. 12 6 

Winning and Working. By Prof. Ira C F. Stratham, 

B.Eng., F.G.S., M.I.Min.E.21 0 

♦Mining Mathematics (Preliminary). By George W. String- 

fellow .......... 1 6 

♦V’ith Answers . . . . . . .20 

Mining Science, A Junior Course in. By Henry G. Bishop . 2 6 


CIVIL ENGINEERING, BUILDING, ETC. 

Architectural Hygiene ; or. Sanitary Science as 
Applied to Buildings. By Sir Bannister Fletcher, 

M.Arch. (Ireland), F.S.L, Barrister-at-Law, and Major 
H. Phillips Fletcher. D.S.O.. F.R I.B.A., F.S.L, etc. 

Sixth Edition . , . . . . 10 6 

Architectural Practice and Administration By H. 

Ingham Ashworth, B.A., A.R.I.B.A. . . .12 6 

Audel's Masons’ and Builders’ Guides In three volumes 

Each .7 6 

Brickwork, Concrete, and Masonry. Edited by T. Corkhill, 

M.I.Struct.E. In eight volumes .... Each 6 0 
Builder’s Business Management. By J. H Bennetts, 

A.l.O.B.10 6 

♦Building, Definitions and Formulae for Students. By T. 

Corkhill, F.B.I.C.C., M.I.Struct.E.- 6 

Building Educator, Pitman’s. Edited by R. Greenhalgh, 

A.I.Struct.E. In three volumes. Second Edition . . 72 0 

Building Encyclopaedia, A Concise. Compiled by T. 

Corkhill, M.I.Struct.E. . . . . . . .76 

Building, Mechanics of. By Arthur D. Turner, A.C.G.I., 

A. M.I.C.E.5 0 

Engineering Equipment of Buildings. By A C. Pallot, 

B. Sc. (Eng.) . . . . . . . 15 0 

Fabric of Modern Buildings, The. By E. G Warland, 

M.I.Struct.E. . . . . . . 20 0 

Flats, Design and Equipment. By H. Ingram Ashworth, 

B.A.. A.R.I.B.A.25 0 





MECHANICAL ENGINEERING 


Civil Engineering, Building, etc.—contd. 

s. d. 

♦Geometry, Building. By Richard Greenhalgh, A.I.Struct.E. 4 6 
Geometry, Contour. By Alex. H. Jameson, M.Sc., M.Inst.C.E. 7 6 
Geometry, Exercises in Building. By Wilfred Chew . 1 6 

Hydraulics. By E. H. Lewitt, B.Sc. (Lond.), M.Inst.Aero.E., 

A.M.I.M.E. Fifth Edition.10 6 

Joinery & Carpentry. Edited by R. Greenhalgh, A.I.Struct.E. 

In six volumes ....... Each 6 0 

Mathematics, Building, First Year By R. C. Smith, 

M.R.S.T.3 6 

Painting and Decorating. Edited by C. H. Eaton, F.I.B.D. 

In six volumes ....... Each 7 6 

Plastering. (Reprinted from Brickwork, Concrete, and 

Masonry). By W. Verrall, C.R.P. . . . . .20 

Plumbing and Gasfitting. Edited by Percy Manser, R.P., 

A.R.S.I. In seven volumes ..... Each 6 0 

Plumbing Engineering. By Walter S. L Cleverdon . . 12 6 

Reinforced Concrete, Construction in By G. P. Manning. 

M.Eng., A.M.I.C.E.7 6 

Reinforced Concrete Arch Design By G. P. Manning, 

M.Eng., A.M.I.C.E.12 6 

Reinforced Concrete Members, Simplified Methods of 
Calculating. By W. N. Tvvelvetrees, M.I.M.E. Second 
Edition, Revised and Enlarged . . . .50 

Specifications for Building Works By W. L Evershed, 

F.S.I. Second Edition . . . . . . .50 

Structures, The Theory of. By H W. Coultas, M.Sc., 

A.M.I.Struct.E., A.I.Mech.E.15 0 

Surveying, Advanced By Alex. H Jameson, M.Sc.,M.I nst.C.E. 12 6 
Surveying, Tutorial Land and Mine. By Thomas Bryson 10 6 

Water Mains, Lay-out of Small By H H. Hellins, 

M.Inst.C.E.7 6 

Water Supply Problems and Developments. By W H. 

Maxwell, A.M Inst.C.E Second Edition . . . . 25 0 

Waterworks for Urban .\nd Rural Districts. By H. C. 

Adams, M.Inst.C.E., M.I.M.E., F.R.S.I. Third Edition . 15 0 

Woodworking by Machinery By Robert H. Hordern 4 0 

MECHANICAL ENGINEERING 


Condenser, The Surface. By B W Pendred, A.M.I.Mech.E. 8 6 
♦Definitions and Formulae for Students—Applied Me¬ 
chanics. By E. H. Lewitt, B.Sc., A.M.I.Mech.E. . - 6 

♦Definitions and Formulae for Students—Heat Engines. 

By A. Rimmer, B.Eng. Second Edition . . . . « 6 

♦Definitions and Formulae for Students—Marine Engi¬ 
neering. By E. Wood, B.Sc..- 6 

Engineering "Educator, Pitman’s. Edited by W. J. 


Kearton, D.Eng., M.I.Mech.E., A M.lnst.N.A. In three 
volumes. Second Edition . . . , , . 63 0 






8 


PITMAN’S TECHNICAL BOOKS 


Mechanical Engineering—contd. 

5 . d. 

♦Engineering, Introduction to. By R W J. Pryer, B.Sc. 

(Eng.), A.M.I.Mech.E., A.M.I.A.H.2 0 

♦Engineering Science Experimental By Nelson Harwood, 

B.Sc., A.M.I.Mech.E.7 6 

Engineering Science, Mechanical and Electrical, First 
Year. By G. W. Bird, Wh.Ex , A.M.I.Mech.E., etc. 

Revised by B. J. Tams, M.Sc.Tech., A M I.Mech.E Second 
Edition .... ..50 

Engineering Science, Mechanical, Second Year. By G. W. 

Bird, Wh.Ex., B.Sc., A.M.I.Mech.E., etc. . .50 

Hydro- and Aero-Dynamics. By S. L. Green, M.Sc. . . 12 6 

Machines Problems, Examples in Theory of. By W. R 

Crawford, M.Sc., Ph.D. ..... .50 

Mechanical Engineers, Estimating for By L. E Bunnett, 

A. M.l.P.E.10 6 

Mechanics’ and Draughtsmen's Pocket Book. By W E 

Dommett, Wh.Ex., A.M.I.A.E . . . . .26 

Mechanics of Materials, Experimental. By Pi. Carrington, 

M.Sc. (Tech.), D.Sc., M.Inst.Met., A.M.I.Mech.E. .36 

♦Mechanics for Engineering Students. By G. W Bird, 

B. Sc., A.M.I.Mech.E Revised by G. W T Bird, B Sc 

Third Edition . . . . .50 

Mollier Steam Tables and Diagrams, The English Edition 
adapted and amplified from the Third German Edition by 

H. Moss, D.Sc., A.R.C.S., D.I.C.7 6 

Mollier Steam Diagrams. Separately in envelope .20 

Motive Power Engineering. By Henry C. Harris, B.Sc . 10 6 

Motor Boating. By F. H. Snoxell . .26 

Motor Boating, The Safety Way in. By A. H. Lind ley 

J ones .50 

Pulverizsed Fuel Firing. By Sydney H. North, M.Inst l\ . 7 6 

Refrigeration, Mechanical. By Hal Williams, M.I.Mech.E., 

M.I.E.E., M.I.Struct.E. Fourth Edition . . 20 0 

Sailing Craft, Small, By John F. Sutton, M.Sc. (Eng.), 

A.M.I.M.E. Third Edition.5 0 

Steam Condensing Plant. By John Evans, M.Eng., etc. . 7 6 

Steam Plant, The Care and Maintenance of By J E. 

Braham, B.Sc., A.C.G.I. . . . .50 

Steam Turbine Operation. By W. J. Kearton. D.Eng., 

M.I.Mech.E., A.M.Inst.N.A. Third Edition . . 12 6 

Steam Turbine Theory and Practice. By W. j Kearton, 

D.Eng., M.I.M.E., A.M.Inst.N.A. Third Edition . 15 0 

Strength of Materials. By F. V. Warnock, Ph.D., M.Sc. 

(Lond.), F.R.C.Sc.I., A.M.I.Mech.F. Third Edition . 


10 6 





AERONAUTICAL 
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Mechanical Engineering—contd. 

Superheater in Modern Power Plant. By D. W. Rudorff, 
Dipl. Ing., A-Am.I.E.E., M.Inst.F. . . (In Preparation) 

Theory of Machines. By Louis Toft, M.Sc.Tcch., and A. T. J. 
Kersey. A.R.C.Sc. Third Edition ..... 

Thermodynamics, Applied. By William Robinson, M.E., 
M.lnst.C.E., M.I.Mech.E Revised by John M. Dickson. 
B.Sc. Second Edition ....... 

Thermodynamics Applied to Heat Engines. By E. H. 

Lewitt, B.Sc., A.M.I.Mech.E. Second Edition . 
Thermodynamics, Examples in By W. R. Crawford, M.Sc.. 

Ph.D. 

Thermodynamics, Technical. By Professor Dipl.-Ing. W. 

SchOle. Translated from the German by E. W. Geyer, B.Sc. 
Turbo-Blowers and Compressors. By W. J. Kearton, 

D.Eng., M.I.M.E.. A.M.lnst.N.A. 

Uniflow, Back-pressure, and Steam Extraction Engines. 

By Eng. Lieut.-Com. T. Allen. R.N.(S.R.). M.Eng., etc. 
Workshop Practice. Edited by E. A. Atkins, M.I.Mech.E., 
M.I.W.E In eight volumes ..... Each 

AERONAUTICAL 

An Introduction to Aeronautical Engineering. 

Vol I. Mechanics of Flight. By A. C. Kermode, B.A., 

A.F.R.Ae.S. Third Edition. 

Vol II, Structures. By J. D. Haddon, B.Sc., A.F.R.Ae.S. 

Second Edition . . . . . " . 

Vol. III. Properties and Strength of Materials. By J. D. 
Haddon, B.Sc., A.F.R.Ae.S. Second Edition. 
Aeronautics, The Handbook of. Published under the 
Authority of the Council of the Royal Aeronautical Society. 

Vol. I. Third Edition. 

Part I of Vol. I. Aerodynamics By E. F. Relf A.R.C.Sc., 

F.R.Ae.S., F.R.S. 

Part II of Vol. I. Performance. By Captain R. N. Liptrot, 

O.B.E., B.A. 

Vol. II. Aero-Engines, Design and Practice. By Andrew 
Swan, B.Sc., A.M.I.C.E., A.F.R.Ae.S. Third Edition . 
Vol. III. Design Data and Formulae—Aircraft and Air¬ 
screws ........ 

Aerodromes: Their Location, Operation, and Design. 
Edited by Prof. Carl Pirath. Translation from the German 

(In Preparation) 

•aeronautics. Definitions and Formulae for Students 

By J. D. Frier, A.R.C.Sc., D.I.C. 

Aeroplanes and Engines (Airsense). By W. O. Manning, 

F.R.Ae.S. Second Edition. 

Air Annual of the British Empire, 1938. Edited by 
Squadron-Leader Burge, O.B.E., A.R.Ae.S.I. Volume IX 
a 


s, d. 

12 6 

18 0 
12 6 

5 0 
40 0 
21 0 
42 0 
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6 0 
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6 0 
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PITMAN’S TECHNICAL BOOKS 


Aeronautical—contd. 

Aircraft Pkrpormancji, Iesting By S Scott Hall, M Sc, 
Die, etc , and 1 H England, DSC, AFC, etc , 
Aircraft Construction Metal By M Langle> M I Ae E , 
AMINA etc Third Edition 
Ground Engineer s Textbooks— 

The Rigging, Maintenance, and Inspeciion of Air 
craft “ A ’ Licence By W J C Speller 
Inspection of Aircraft after Overhaul “B' Licence 
By S J Norton, Assoc M Inst C E , A F R Ae S Third 
Edition ... . . . 

Aero Engines "C'* Licence By R F Barlow Second 
Edition . . . . ... 

Aero Engines “D " Licence By A N Barrett, A M I A E 
A F R Ae S Fifth Edition .... 
Instruments ‘ X " Licence By K W Sloley, M A 
(Camb ), B Sc (Lond ) Second Edition 
Electricai \nd Wirfless Equipment of Aircraft 
“ X ’ Licence By S G Wybrou, AMIEE,AMIME 
Third Edition 

The Aircraft Bench Iiiifk By William S B Townsend 
Noils on Supercharging ior Ground Engineers By 
C E J ones 

The Deviiopmfnt oi Sheli Metal Detail Fittings 
ByWillicimS B loiMisend Second hdition 
Learning to 1 l\ By F A Swoffer, M B E Fourth Edition 
Metal Aircrait tor thi Mfchanic By J Healey . 
♦Pilot s “ 4 ’ Lici nce Compileu by John F Leeming, Royal 
Aero Club Ohseiier for Pilots Certificates Eighth Edition 
Two-Cycle Enginf The By C F Gaunter 

Ask lor the Complete Aeronautical List 


motor engineering, etc. 

Pitman’s Automobile Maintenance Series— 

Automobile Electrical Maintenance By A W Judge 
ARCS,WhSc,AMIAE 

Automobile Engine Overhaul By A W Judge, 
ARCS, Wh Sc , A M I A E . . (In Preparation) 

Automobile Brakes and Brake Testing By Maurice 
Platt, M Eng ,MIAE,MSAE . (In Preparation) 
Automobile and Aircraft Engines By A W Judge. 

ARCS,AMIAE Third Edition 
Automobile Engineering Edited by H Kerr Ihomas, 
M I Mech E , etc In seven volumes Volumes I-VI Each 
Volume VII ....... 


6 d 
15 0 
15 0 

3 6 

3 6 
2 0 
3 6 
5 0 

5 0 
3 6 

3 0 

2 6 

7 6 
5 0 

3 6 
7 6 


4 6 


42 0 

7 6 
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Motor Engineering etc.—contd. 


Garage Workers’ Handhooks Edited by | R. Stuart In s, d 
seven volumes . . .... Each 7 6 

Supplement to Vol VII . . . . , .16 

Traffic Driving Technique By Oliver Stewart . .60 

Pitman’s Motor-Cyclists Library— 

A J S , The Book of the By W C Haycraft , ,20 

Ariel, The Book of the By W C Haycraft . .20 

B S A , The Book of the By F J Camm . .20 

Douglas, The Book of the By Leslie K Heathcote 2 0 

JAP Engine, The Book of the By W C Haycraft 2 6 

New Imperial, The Book of the By F J Camm 2 0 

Matchless, Ihe Book or the By W C Haycraft 2 0 

Norton The Book of thf By W C Hayciaft . 2 0 

Red Panther The Book or the By W C Haycraft. 2 0 

Royal Enfield, The Book of the By R E Ryder . 2 0 

Rudge The Book of the By L H Cade and F Anstey 2 6 

Sunbeam, Ihe Book of the By Leslie K Heathcote 2 0 

Triumph, The Book,of the By E T Brown . 2 0 

Velocette, The Book of the Bv Leslie K Heathcote 2 6 

ViLLKRS Engine, Thf Book of the By C Grange 2 0 

Motor Cycle Overhaul By W C Haycraft . .20 

Pitman’s Motorists Library— 

Austin Seven, The Book of the By Gordon G 
Goodwin . . , . . . . .26 

Austin 1 en. The Book of the By Gordon G Goodwin 2 6 

Austin Iwelve, The Book of the By Gordon G 
Goodwin . . . 3 0 

B S A Three Wheeler, The Book of the By Harold 
Jelley ....... 26 

Hillman Minx Handbook, The By W A Gibson 
Martin ..... . 26 

JowETT, Ihe Book of the By John SpeedweU 2 6 

Morgan. Ihe Book of the By Harold Jelley 2 6 

Morris Minor and The Morris Eight, The Book of 
the Bv Harold Jelley . 2 6 

Morris Ien, Ihe Book of the By R A Bishop 2 6 

Popular Ford Handbook, The By Harold Jelley . 2 6 

V-8 Ford Handbook, The By Harold Jelley and J 
Harrison, A M 1 A E .30 

Riley Nine, The Book of the By D H Warren . 2 6 

Singer Junior, Book of the By G S Davison 2 6 

Singer Nine, The Book of the By R A. Bishop . 2 6 

Standard Nine, The Book of the By J Speedwell 2 6 

Vauxhall (Light Six) Bv Harold Jelley and F J 
Woodbridge, a M I a E . . . .26 

Wolseley, The Book of the By W A Gibson 
Martin . .26 

Tourists* Handbook, The By Harold Shelton M A . 2 6 
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PITMAN’S TECHNICAL BOOKS 


Motor Engineering etc.—contd. 


Pitman's Motorists Library— contd. s, d . 

Understand Your Car. By H. A. Hazell . . ,26 

Your Oral Driving Test : How to Pass It. By R. F. 

Towl .......... 6 

Your Driving Test: How to Pass It. By Oliver 

Stewart . . .20 

Motorist's Electrical Guide. The By A. H. Avery, 

A.M.I.E.E.3 6 

Caravanning and Camping. By A. H. M. Ward. M.A. . 2 6 

Learn to Drive By Oliver Stewart . ..20 


OPTICS AND PHOTOGRAPHY 

Applied Optics, Introduction to. By L. C. Martin. D.Sc., 
A.R.C.S., D.I.C. In two volumes. . 


Vol. 1. General and Physiological . . . 21 0 

Vol. II. Theory and Construction of Instruments . 21 0 

Camera in Commerce, The. By David Charles, F.R.P.S. . 10 6 

Camera Lenses. By A, W Lockett Revised by H. W Lee. 

Second Edition . . . . . . .26 

Cash from Your Camera. By Arthur Nettleton . . .46 

Colour Photography By Capt. O. Wheeler, F.R.P.S. 

Second Edition . . . . . . . 12 6 

Colour Photography in Practice By D. A. Spencer, Fh.D., 

F.I.C., F.R.P.S.21 0 

Colour Sensitive Materials. By Robert M. Fanstone, 

A.R.P.S.8 6 

Commercial Cinematography. By G. H. Sewell, F.A.C.I. . 7 6 

Industrial Microscopy. By Walter Garner, M.Sc., F.R.M.S. 21 0 

Lens Work for Amateurs. By H. Orford. Fifth Edition, 

Revised by A. W. Lockett . . .36 

Photographic Chemicals and Chemistry. By J. Southworth 

and T. L. J, Bentley, D.I.C., A.R.C.Sc., B.Sc. . . ,36 

Photography as a Business. By A. G. Willis , . ,50 

Photography, Profitable. By William Stewart . .26 

Photography Theory and Practice. By L. P. Clerc. 

Edited by the late G. E. Brown. F.I.C., etc. Second Edition 35 0 

Practical Photo-lithography By C Mason Willy. Second 

Edition . . . . . 10 6 

Retouching and Finishing for Photographers. By J. S. 

Adamson. Third Edition . . . . . .40 

Studio Portrait Lighting. By H. Lambert, F.R.P.S. 

Second Edition . , . • . . . 15 0 

Talking Pictures By B. Brown, B.Sc. Second Edition . 12 6 






ELECTRICAL ENGINEERING 


18 


ELECTRICAL ENGINEERING, ETC. 


Acoustical Engineering. By W. West, B.A., A.M.I.E.E. . 
Accumulator Charging, Maintenance, and Repair. By 
W. S. Ibbetson Sixth Edition ... 

Alternating Current Bridge Methods. By B. Hague, 

D.Sc. Third Edition. 

Alternating Current Circuit. By Philip Kemp, M.Sc., 
M I.E.E., Mem.A.I.E.E. Second Edition .... 

Alternating Current Machines, Performance and Design 
OF. By M. G. Say, Ph.D., M.Sc., A.C G.I., D.I.C., A.M.I.E.E., 
F.R.S.E., and E. N. Pink. B.Sc.. A.M.I.E.E. . 
Alternating Current Power Measurement. By G. F. Tagg 
Alternating Current Work. By W. Perren Maycock, 
M.I.E.E. Second Edition ...... 

Alternating Currents, Arithmetic of By E H. Crapper, 

D.Sc.. M.I.E.E. 

Alternating Currents, The Theory and Practice of By 
A. T. Dover, M.I.E.E. Second Edition .... 
Armature Winding, Practical Direct Current. By L. 

Wollison, A.M.I.E.E. 

Automatic Street Traffic Signalling (Apparatus and 
Methods). By H. H. Harrison, M.Eng., M.I.E.E., 

M.I.R.S.E., and T. P. Preist. 

Automatic Protective Gear for A.C. Supply Systems. By 
J. Henderson, M.C., B.Sc., A.M.I.E.E. .... 
Cables, High Voltage. By P. Dunsheath. O.B.E., M.A., B.Sc., 

M.I.E.E. 

Changeover of D.C. Supply Systems to the Standard 
System of A.C, Distribution. By S. J. Patmore, A.M.I.E.E 
♦Definitions and Formulae for Students—Electrical. 

By P. Kemp, M.Sc., M.I.E.E., Mem.A.I.E.E. . 
♦Definitions and Formulae for Students—Electrical In¬ 
stallation Work, By F. Peake Sexton, A.R.C.S.. A.M.I.E.E. 
Direct Current Electrical Engineering, Elements of. 

By H. F. Trewman, M.A., and C. E. Condliffe, B.Sc. 

Direct Current Electrical Engineering, Principles of. 
By the late James R. Barr, A.M.I.E.E., and D. J. Bolton, 

M.Sc., M.I.E.E. Second Edition. 

Direct Current Machines, Performance and Design of 
By A. E. Clayton, D.Sc., M.I.E.E. ..... 
Dynamo, The : Its Theory, Design, and Manufacture. By 
C. C. Hawkins, M.A., M.I.E.E. In three volumes. Sixth 
Edition— * 

Vol. I. 

Vol. II. 

Vol. Ill . 

Electric and Magnetic Circuits—Alternating and 
Direct Current, The. By E. N. Pink, B.Sc., A.M.I.E.E 


5. d. 

15 0 
4 6 

15 0 
2 6 

20 0 

3 6 

7 6 

4 6 
18 0 

7 6 

12 6 
7 6 
10 6 
3 6 
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- 6 

5 0 

12 6 

16 0 

21 0 
15 0 
30 0 
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Electrical Engineering, etc.—contd. 

Electric Circuit Theory and Calculations. By W. Perren 
Maycock, M.I.E.E. Third Edition, Revised by Philip Kemp, 

M.Sc., M.I.E.E., Mem.A.I.E.E. 

Electric Clocks, Modern By Stuart F. Philpott, A.M.I.E.E. 
Second Edition ........ 

Electric Lighting and Power Distribution. By W. 
'Perren Maycock, M.I.E.E. Ninth Edition, thoroughly 
Revised by C. H. Yeaman. In two volumes . . Each 

Electric Machines, Theory and Design of By F. Creedy, 

A.C.G.I., M.I.E.E. 

Electric Motor Control Gear, Industrial By W. H. J. 
Norburn, A.M.I.E.E. ....... 

Electric Plant, Protection of (Modern Developments). 
By P. F. Stritzl, D.Sc.Tech. (Vienna) .... 

Electric Traction. By A. T. Dover, M.I.E.E., Assoc. Amer. 
I.E.E. Second Edition ....... 

Electric Trolley Bus, The. By R. A. Bishop . 

Electric Wiring, Fittings, Switches, and Lamps. By W. 
Perren Maycock, M.I.E.E. Sixth Edition. Revised by 
Phihp Kemp, M.Sc., M.I.E.E., etc. ..... 

Electric Wiring Tables. By W. Perren Maycock, M.I.E.E., 
Seventh Edition Revised by F. C. Raphael, M.I.E.E. 
Electrical Apparatus, The Calculation and Design of. 

By W. Wilson, M.Sc., B.E., M.I.E.E., M.Amer.I.E.E. 
Electrical Condensers. By Philip R. Coursey, B.Sc., 

F.InsLP., M.I.E.E. 

♦Electrical Contracting, Organization, and Routine. By 

H. R. Taunton. 

Electrical Educator Edited by Sir Ambrose Fleming, M.A., 
D.Sc., F.R.S. In three volumes. Second Edition 
Electrical Engineering, Classified Examples in. By S. 
Gordon Monk, M.Sc. (Eng,), B.Sc., A.M.I.E.E. In two parts. 
♦Vol. I. Direct Current. Fourth Edition 
♦Vol. II. Alternating Current. Fourth Edition 
Electrical Engineering, Experimental. By E. T. A. 
Rapson, A.C.G.I., D.I.C., M.Sc, (Eng.) London, etc 
Second Edition ........ 

Electrical Engineering, Whittaker’s Arithmetic of. 
Fourth Edition, Revised by A. T. Starr, M.A., B.Sc.. 

A.M.I.R.E. 

Electrical Guides, Hawkins’. In ten volumes Each 

Electrical Machinery and Apparatus Manufacture. 
Edited by Philip Kemp, M.Sc., M.I.E.E., Mem.A.I.E.E. 
In seven volumes ....... Each 

Electrical Machines, Practical Testing of. By L. Oulton, 
A.M.I.E.E., and N. J. Wilson, M.I.E.E. Second Edition . 
Electrical Measurements and Measuring Instruments. 
By E. W. Golding, M.Sc.Tech., A.M.I.E.E., M.AT.E.E. 
Second Edition •«••«••• 


.. d, 
7 6 
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Electrical Engineering, etc.—contd. 

♦Electrical Measuring Instruments, Industrial. By 
Kenelm Edgcumbe, M.Inst.C.E., M.I.E.E., F.Inst.P., and 
F. E. J. Ockenden, A.M.I.E.E. Third Edition . 

Electrical Power, Transmission, and Interconnection 
By C. Dannatt, B.Sc., and J. W. Dalgleish, B.Sc. 
Electrical Technology. By H Cotton, M.BE., D.Sc., 
A.M.I.E.E. Third Edition ...... 

Electrical Terms, A Dictionary of. By S. R. Roget, M.A., 
A.M.Inst.C.E., A.M.I.E.E Third Edition 
Electrical Transformer Theory. By S. Gordon Monk 
Electrical Wiring a;^d Contracting Edited by H. Marryat, 
M.I.E.E., M.I.Mech.E. In seven volumes . . Each 

Electricity, Foundations of Technical. By E. Mallett, 
D.Sc., M.Inst.C.E., M.I.E.E., F.Inst.P., and T. B 

ViNYCOMB, M.C., M.A., F.Inst.P. 

Generation, Transmission and Utilization of Electricai 
Power By A. T. Starr. M.A.. Ph.D., B.Sc., A.M.I.E.E 
Induction Coil, Theory and Applications By E. Taylor 
Jones, D.Sc. . • . 

Induction Motor Practice By R. E. Hopkins, B.Sc., 

A.M.I.E.E., etc. 

Instrument Transformers: Their Theory, Character¬ 
istics AND Testing By B Hague, D.Sc. (Lond.l, Ph.D 

(Glas.), F.C.G.L, etc. 

Meter Engineering. By j L Ferns, B.Sc. (Hons.), A.M.C.T 
Photoelectric Cells Application.s By R. C. Walker, B.Sc.. 

(Lond.), and T. M. C. Lance, Assoc.I.R.E. Third Edition 
Power Wiring Diagrams. By A T. Dover, M.I.E.E., A.Amer 
I.E.E. Third Edition ....... 

Practical Primary Cells By A. Mortimer Codd, F.Ph.S . 
Railway Electrification By H. F. Trewman, A.M.I.E.E 
Railway Track-Circuits. By D. C. GalJ .... 

Sags and Tensions in Overhead Lines By C. G Watson, 

M.I.E.E. 

Switchgear Design, Elements of. By Dr. Ing. Fritz KesseL 
ring. Translated by S. R. Mellonie, A.M.I.E.E., and J. S 
Solomon, B.Sc., A.M.I.E.E. ...... 

Switchgear, Outdoor High Voltage. By R. W. Todd, 
A.M.I.E.E., Assoc.A.I.E.E., and W. H. Thompson, A.M.I.E.E 
Symmetrical Component Theory, Elements of. By G W 
Stubbings, B.Sc. (Lond.), F.Inst.F., A.M.I.E.E 
Transformers for Single and Multiphase Currents. By 
Dr. Gisbert Kapp, M.Inst.C.E., M.I.E.E Third Edition, 

Revised by R. O. Kapp, B.Sc.. 

Worked Examples for Wireman and Students. By H. 
Rees, Grad.I.E.E. 


s. d , 
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TELECOMMUNICATIONS 

Automatic Branch Exchanges. Private. By R. T. A. 
DennisoH. 

Automatic Telephony, Relays in. By R. W. Palmer, 
A.M.LE.E . . ... . . 

♦Definitions and Formulae for Students—Radio and 
Television Engineering. By A T. Starr, M.A., Ph.D. . 

♦Definitions and Formulae for Students—Telegraphy 
and Telephony. By Dr. E. Mallett, M.I.E.E. 

Electric Circuits and Wave Filters By A T Starr, M.A., 
Ph.D , A.M.I.E.E. . . . ■ . . . 

Radio Receiver Circuits Handbook By E M. Squire 

Radio Communication, Modern By J. H. Reyner In two 
volumes.— 

Vol. I. Sixth Edition .... 

Vol. II. Second Edition ...... 

Radio Engineering, Problems in. By R. T. A. Rapson, 
A.C.G.I. D.I.C., A.M.I.E.E Second Edition , 

Radio Receiver Servicing and Maintenance. By E. J. G. 
Lewis Second Edition . . . , 

Radio, Short-Wave By J. H. Reyner 

Radio Upkeep and Repairs for Amateurs By Alfred Witts, 
A.M.I.E E Third Edition ...... 

Superheterodyne Receiver, The By Allred T. Witts, 
A.M.I.E.E. Third Edition ...... 

Telegraphy. By T. E. Herbert, M.I.E.E. Fifth Edition 

Telegraphy and Telephony, Arithmetic of By T. E. 
Herbert, M.I.E E., and R. G. de Wardt .... 

Telephone Handbook and Guide to the Telephonic 
Exchange, Practical. By Joseph Poole, A.M.I.E.E. 
(Wh.Sc.). Seventh Edition .... 

Telephone Transmission Theory, Outline Notes in By 
W, T. Palmer, B.Sc., Wh.Ex., A.M.I.E.E 

Telephony. By T. E. Herbert. M.I.E.E., and W S. Procter, 
A.M.I.E.E. In two volumes Second ^ition. 

Vol. I. Manual Switching Systems and Line Plant . 
Vol. IL Automatic Telephones. (In the Press) 

Television Engineering By J. C. Wilson. . • 

Television Optics By L M Myers. 

Television Reception Technique. By Paul D. Tyers 


s. d, 
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. Telecommunications—contd* 

Television, Technical Terms and Definitions. 
E. J. G. Lewis ....... 

Thermionic Valves in Modern Radio Receivers. 

Alfred T. Witts. A.M J.E.E. 

Wireless, A First Course in. By “Decibel." 

Wireless Terms Explained. By “Decibel." 


By 

s. 

rf. 

5 

0 

By 

8 



4 

0 

• 

2 
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MATHEMATICS AND CALCULATIONS 
FOR ENGINEERS 


Calculus for Engineers and Students of Science. By John 
Stoney, B Sc.. A.M.I.Min.E., M.R.San.I. Second Edition . 

♦Definitions and Formulae for Students—Practical 
Mathematics. By L Toft, M.Sc. Second Edition . 

Exponential and Hyperbolic Functions Bv A. H. Bell, 
B.Sc. 

♦(Geometry, Test Papers in. By W. E. Paterson. M.A., B.Sc 
Points Essential to Answers, Is. In one book . 

Graphic Statics, Elementary By J T. Wight, A.M.I.Mech.E. 

Graphs of Standard Mathematicm. Functions. By H. V. 
Lowry, M.A. 

Logarithms for Beginners. By C. N Pickworth, Wh.Sc. 
Eighth Edition ........ 

Logarithms, Five Figure, and Trigonometrical Functions. 
By W. E. Dommett, A.M.I.A.E., and H C. Hird, A.F.Ae.S. 
(Reprinted from Maihemaitcal Tables) .... 

♦Logarithms Simplified. By Ernest Card. B.Sc., and A. C. 
I*arkinson, A.C P. Second Edition ..... 

♦Mathematics and Drawing, Pr.\ctical. By Dalton Grange. 
♦With Answers ...... 

Mathematics, Elementary Practical Book 1. First Year. 
By E. W. Golding, M Sc., Tech., A.M.I.E.K., and H. G. 
Green, M.A. ......... 

Mathematics, Elementary Practical. Book IT Second 
Year. By E. W. Golding and H G. Green 

Mathematics, Elementary Practical. Book III Third 
Year. By E. W. Golding and H. G. Green 
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Mathematics for Engineers—contd. 

5. d . 

Mathematics, Engineering, Application of. By W. G. 

Bickley, M.Sc. . . . , . *50 

Mathematics for Engineers, Preliminary. By W. S. 

Ibbetson, B.Sc., A.M.I.E.E., M.I Mar.E. . . . .36 

Mathematics for Technical Students. By G. E. Hall, B.Sc. 5 0 

Mathematics, Practical. By Louis Toft, M.Sc. (Tech.), and 

A. D. D. McKay, M.A.12 6 

Mechanical Tables. By J. Foden . . . . ,20 

♦Metric Lengths to Feet and Inches, Table for the Con¬ 
version OF. Compiled by Redvers Elder . . .10 

Nomogram, The. By H. J. Allcock, M.Sc., M.I.E.E., 
A.M.I.Mech.E,, and J. R Jones, M.A., F.G.S. Second 
Edition . . . . 10 6 

Slide Rule, The. By C. N. Pickworth, Wh.Sc. Twentieth 

Edition, Revised . . . . . .36 

Slide Rule: Its Operations; and Digit Rules, The. By 

A. Lovat Higgins, A.M.Inst.C.E. . . . . . - 6 

Steel’s Tables. Compiled by Joseph Steel . , .36 

Trigonometry for Engineers, A Primer of. By W. G. 

Dunkley, B.Sc. (Hons.) . ..5 0 


miscellaneous technical books 


Boot and Shoe Manufacture. By Frank Plucknett . . 35 0 

Brewing and Malting. By J. Ross Mackenzie, F.C.S., 

F.R.M.S. Third Edition . . . . . . 10 6 

Cellulose Lacquers, The By S. Smith, O.B.E., Ph.D. . 7 6 

Electrical Housecraft. By R. W. Kennedy , .26 


Engineering Economics. By T. H. Burnham, B.Sc. Hons. 

(Lond.), B.Com. (Lond.), F.I.I.A, A.M.I.Mech.E., 

M.I.Mar.E. In two volumes— 

Book I. Elements of Industrial Organization and Manage¬ 
ment. . . . . . .86 

Book II. Works Organization and Management .86 

Engineering Inquiries, Data for. By J. C. Connan, B.Sc., 
A.M.LE.E., O.B.E. 


12 6 
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Miscellaneous Technical Books—contd. 

f d , 

Faraday, Michael, and Some of His Contemporaries By 


William Cramp, D.Sc., M.I.E.E. . . . . .26 

Foundry Organization and Management. By James J. 

Gillespie . . . . . . . . . 12 6 

Glue and Gelatine. By P. I. Smith , . . .86 

Hairdressing, The Art and Craft of. Edited by G. A. Foan. 

Second Edition edited by J. Bari-Woollss . . . 60 0 

Hiker and Camper, The Complete. By C. F. Carr . .26 

House Decorating, Practical. By Millicent Vince . .36 

Paper Testing and Chemistry for Printers. By G. A. 

Jahans, B.A. . . . . . . . . 12 6 

Petroleum. By Albert Lidgett. Third Edition . . .50 

Pitman’s Handbook of Commercial and Technical Educa¬ 
tion. Edited by Harold Downs . . . . .15 0 

Plan Drawing for the Police. By James D. Cope, P.A.S.I. 2 0 
Precious and Semi-precious Stones. By M. Weinstein. 

Second Edition . . . . . . .76 

Printing. By H. A. Maddox. Second Edition . . .50 

Printing, The Art and Practice of. Edited by Wm. 

Atkins. In six volumes ...... Each 7 6 

Science, The March of. A First Quinquennial Review, 


1931-1935. By Various Authors. Lssued under the authority 


of the Council of the British Association for the Advance¬ 
ment of Science . . . . . . .36 

Shoe Repairer’s Handbooks By D. Laurence-Lord. In 

seven volumes ....... Ea^h 3 6 

Sound-Recording for Films. By W. F. Elliott . . .10 6 

Teaching Methods for Technical Teachers. By J. H. 

Currie. M.A., B.Sc., A.M.I.Mech.E.2 6 

With the Watchmaker at the Bench. By Donald de Carle, 

F.B.H.T. Third Edition.8 6 

Works Engineer, The. By W. R. J. Griffiths, M.Inst.F., 
A.M.S.W.I.E. In Collaboration with W. O. Skeat, B.Sc. 

(Eng.), G.I.Mech.E., etc.21 0 


PITMAN’S TECHNICAL PRIMERS 

Each in foolscap 8vo, cloth, about 120 pp., illustrated . .26 

The Technical IMmer Series is intended to enable the 
reader to obtain an introduction to whatever technical 
subject he desires. 
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Pitman’s Technical Primers—contd. 

S. d . 

A.C. Protective Systems and Gears. By J. Henderson, B.Sc., 2 6 

M.C., and C. W. Marshall, B.Sc., M.I.E.E. Second Edition. 

Belts for Power Transmission. By W. G. Dunkley, B.Sc. 

Continuous Current Armature Winding. By F. M. Denton. 
A.C.G.I., A.Amer.I.E.E. 

Diesel Engine, The. By A. Orton, A.M.I.Mech.E. 

Drop Forging and Drop Stamping. By H. Hayes. 

Electric Furnace, The. By Frank J. Moffett, B.A., M.I.E.E. 

Electrical Transmission of Energy. By W. M. Thornton, 

O.B.E., D.Sc., M.I.E.E. 

Electrification of Railways. By H. F. Trewman, M.A. 
Electro-Deposition of Copper, The. By C. W. Denny 

Industrial and Power Alcohol. By R. C. Farmer, O.B.E., 

D.Sc., Ph.D., F.I.C. 

Industrial Nitrogen. By P. H. S. Kempton, B.Sc. (Hons.). 
Kinematograph Studio Technique. By L. C. Macbean. 

Lubricants and Lubrication. By J. H. Hyde. 

Mechanical Handling of Goods, The. By C. H. Woodfield. 

Mechanical Stoking. By D. Brownlie, B.Sc., A.M.I.M.E. 

(Double volume, price 5s. net.) 

Metallurgy of Iron and Steel Based on Notes by Sir 
Robert Hadfield. 

Patternmaking. By Ben Shaw and James Edgar. 

Photographic Technique. By L. J. Hibbert, F.R.P.S 
Second Edition 

Pneumatic Conveying. By E. G. Phillips, M.I.E.E 

Power Factor Correction. By A. E. Clayton, D.Sc (Eng.). 

Second Edition. 

Radioactivity and Radioactive Si’bstances By J. 
Chadwick, M.Sc., Ph.D. Fourth Edition. 

Sewers and Sewerage. By H. Gilbert Whyatt, M.I.C.E., 
F.R.San.I. Third Edition. 

Steam Locomotive, The. By E. L. Ahrons. 

Steam Locomotive Construction and Maintenance. By E. 

L. Ahrons, M.I.Mcch.E., M.I.Loco.E. 

Streets, Roads, and Pavements. By H. Gilbert Whyatt, 

M. Inst.C.E., F.R.San.I. Third Edition. 

Switching and Switchgear. By Henrj^ E. Poole, B.Sc.(Hous.), 
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Pitman’s Technical Primers—contd. 

s. d. 

Tidal Power. By A. M. A. Struben, O.B.E., A.M.Inst.C.E. 2 6 

Transformers, Small Single-Phase. By Edgar T. Painton, 

B.Sc. Eng. (Hons.) Lond., A.M.I.E.E. 

Water Power Engineering. By F. F. Fergusson, C.E., 

F.G.S., F.R.G.S. Third Edition. 

Wireless Telegraphy, Continuous Wave. By B. E. G. 

Mittell, A.M.I.E.E. 


COMMON COMMODITIES AND 
INDUSTRIES SERIES 

Each book is crown 8vo, cloth, with many illustrations, etc. 3 0 
Asbestos. By A. Leonard Summers. 

Bookbinding Craft and Industry, The By T. Harrison. 

Second Edition. 

Books: From the MS. to the Bookseller By J. L Young. 

Second Edition. 

Boot and Shoe Industry, The By J. S. Harding, F.B.S.l 
Second Edition 

Brushmakf.r, The. By Wm. Kiddier 

Carpets. By Reginald S. Brinton Second Edition. 

Clocks and Watches By G. L Overton 
Cloihs and the Cloth Trade By J .\ Hunter. 

Clothing Industry, The. By B. W. Poole. 

Coal. Its Origin, Method of Working and Preparation for the 
Market By Francis H Wilson. M.Iiist M.E. Second 
Edition 

Coal Tar. By A. R Warnes, F I.C.. A Inst.P., etc. Second 
Edition 

Coffee. From the Grower to Consumer. By B. B. Keable. 

Revised by C. J Parham. Third ICdition. 

Concrete and Reinforced Concrete By W. Noble Twelve- 
trees, M I.M.E , M.Soc C.E. (France) 

Cordage and Cordage Hemp and Fibres By T. Woodhouse 
and P. Kilgour. 

Cotton Spinning. By A. S. Wade. 

Furs and the Fur Trade. By J. C. Sachs Third Edition. 
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Common Commodities Series—contd. 

5. d. 

Glass and Glass Manufacture. By P. Marson. Third 3 0 
Edition. Revised by L. M. Angus-Butterworth, F.R.G.S., 

F.Z.S., etc. 

Gums and Resins. Their Occurrence, Properties, and Uses. 

By Ernest J. Parry, B.Sc., F.I.C., F.C.S. 

Jute Industry, The. By T. Woodhouse and P. Kilgour. 

Locks and Lock Making. By F. J. Butter. Second Edition. 

Meat Industry, The. By Walter Wood. 

Paper. Its History, Sources, and Production. By Harry A. 
Maddox, Silver Medallist Papermaktng. Fifth Edition. 

Photography. By William Gamble, F.R.P.S. 

Pottery. By C. J. Noke and H. J. Plant. 

Rubber. Production and Utilization of the Raw Product. 

By H. P. Stevens, M.A., Ph.D., F.I.C., and W. H. Stevens, 
A.R.C.Sc., F.I.C. Fourth Edition. 

Silk Its Production and Manufacture. By Luther Hooper. 

Soap. Its Composition, Manufacture, and Properties. By 
William H. Simmons, B.Sc. (Lond.), F.I.C., F.C.S Fourth 
Edition. 

Sponges. By E. J. J. Cresswell, Second Edition. 

Sugar. Cane and Beet. By the late Geo. Martineau, C.B., and 
Revised by F. C. Eastick, M.A. Sixth Edition. 

Sulphur and the Sulphur Industry. By Harold A. Auden. 

M.Sc„ D.Sc., F.C.S. 

Tea. From Grower to Consumer By A. Ibbetson Second 
Edition. 

Textile Bleaching By Alex. B. Steven, B.Sc. (Lond.), F.I.C. 

Timber. From the Forest to Its U.se in Commerce By W. 

Bullock. Third Edition, 

Tin and The Tin Industry. By A. H. Mundey Second 
Edition. 

Tobacco. From Grower to Smoker. By A E. Tanner Fourth 
Revised Edition by E. R. Fairveather. 

Weaving. By W, P. Crankshaw. Second Edition. 

Wool. From the Raw Material to the Finished Product By 
S. Kershaw, F.T.I. Fifth Edition. 

Worsted Industry, The. By J. Dumville and S. Kershaw, 

Third Edition. 
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RAW MATERIALS OF COMMERCE 

Edited by J H Vanstone, F R G S Assisted by 
Specialist Contributors 

In two volumes, demy 4to, cloth gilt, 804 pp , with 
numerous illustrations Complete, 20s net 

A descriptive account ol the vegetable, animal, 
mineral and synthetic products of the world and of 
their commercial uses 
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DEFINITIONS AND FORMULAE 
FOR STUDENTS 

Aeronautics By J D Fner, A R C Sc , D.I.C. 

Applied Mechanics By E H Lewitt, B Sc , AM I.Mech E. 
Automobile Engineering By H Kerr Thomas 
Building By T Corkhill, F B I C C , M I Str E 
Chemistry and Pharmacy By W G Carey, F.I C 
Coal Mining By M D Williams, F G S 
Elfctrical By Philip Kemp, M Sc , M 1 E E , Mem A 1 E E 
Electrical Installation Work By F Peake Sexton,A.R.C.S., 
AM I E E 

Heat Engines By Arnold Rimmer, B Eng. 

Light and Sound By P K Bowes, M A , B Sc. 

Marine Engineering. By E Wood, B Sc 
Metallurgy By E R Taylor, ARSM, FIC,DIC. 
Pr\ctical Mathematics By Loms Toft, M Sc 
Radio and Television Engineering By A T Starr, M A , 
Ph D 

Telegraphy and Telephony By E Mallett, D Sc , M l.E.E 
^Eaoh about 32 pp. Pnov. 6d 


PITMAN’S 

TECHNICAL DICTIONARY 

OF 

ENGINEERING AND INDUSTRIAL 
SCIENCE 

IN SEVEN LANGUAGES 

ENGLISH, FRENCH, SPANISH, ITALIAN, 
POBTUaXTESE. RUSSIAN. AND OERUAN 

With an Index to Each Language 

Edited by 

ERNEST slater, M.I.E.E., M.I.Mech.E. 

In Collaboration with Leading Authorities 

Complete in five volumes Crown 4to, buckram gilt, £4 48 . net. 
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